LOAN  DOCUMENT 


LOAN  DOCUMENT 


~/l  D  A  ^ 

HTGIHEKR  HESEAICH  jUD  DZVELOIMEIiT  lASQRATORIES 


]gs 


3K 

'C.'^ 
#>*-  •♦• 
s 

*.'.V 


£3 , 

;r 


UV.’ 


Beport  1168 

SEOBAV  P^OOBAMOETRIE  MAFPIVG  HBTROCTIGRS 

Project  8-55-05-001 
15  May  1950 


r 


,  (•  • 

••*.4  t 

i  l-« 

'  *44  r»<“ 

~  <uj 
*1 

••*  00 
**  «**•« 

v'c?5 
5  fra  ca 


Sabnitted  to 

TIB  CHIEF  OF  BIGIHEKKS^  V.  8.  Amy 

ClusUM 

Cim»M 

FOR  TKEIICAL  UaOSHSajSlt^ 


*  trr  X 


7  mkatUr  C4*«n&u-  1 0^0 1 


■by 


The  CoE.7aftndlng  Officer 
Engineer  Besearch  and  BeTelopeant  Lal>oratorle8 


Prepared  "by 

Archer  M.  Vllsoa 
PhotogranDetrlo  Branch 

Engineer  Beaearch  and  Berelopnent  Lahoratorlea 
Fort  BelTOlr,  Virginia 


B|ll8tCB^^~T  S  D 
--It:-.""":.-- 


)  ■ 


^  ir:' 
v»  • 

'  - 

*•  '-■  •  -*‘.'i  '  ■  i 

*.  <  ■  '  “f  -« 

■  :t 

-  I  -.v* 


This  document  contains  Inforoatlon  affecting  the 
national  defense  of  the  Iftilted  States  vlthln  tAe- meaning 
of  the  Espionage  Act,  ^  U.  S.  C.,  31  aQid.  32,  ^  amended. 
Its  transmission  or  the  revelation  of  Its  contents  In  any 
manner  to  an  unauthorized  person  Is  prohibited  by  lav. 


s 


■  t  K--> 


“”1  »»»«4 


ill 


CORTBETS 

Chapter 

Title 

Page 

fGBBfOBD 

V 

I 

crarERAL 

1 

II 

PRIRCIPLES  OF  SHOBAH  MAFPIRG 

11 

III 

OFERATICgiAL  PLAHEIBG 

55 

IV 

AERIAL  PHQTOGBAFHI 

51 

V 

COMFUTATKafS 

65 

VI 

FLIHG  HEISSP  DETEOtlRATIGN 

95 

VII 

MDKTIHJZ  BZ  CURVE  ORiBKrATKai  METECDS  AHD 

BELATED  AUZILIARI  EWniMEST 

101 

VIII 

innriPLEE  mafphtg  with  area  coverage  fhctogsafet 

in 

U 

SLCTTSD  TBCPLET  MAFFUG 

121 

X 

FEOTOMAF3 

129 

XI 

CONTROL  POBIT  FH0T0GRAPH7 

155 

XII 

SH0RAN  COBTBOL  FOR  EUSTIEG  URCCaKCROELLED 
PHOTOGSAERT 

141 

Appendix 

A  Ga/)S8ABY 

B  SAMHiE  PHarOCaAiB]E  SFECIFICATIOHS 


C 


TABLES 


147 

155 

171 


•  I 


T 

FOBSWOR) 


TMa  report  1b  dealgoed  to  provide  a  set  of  tentative 
operating  Instructions  for  use  "by  Corps  of  Eaglneers  personnel  vho 
may  “be  required  to  employ  Shoran -controlled  photography  in  fulfill¬ 
ing  current  mapping  assignments «  The  wording  and  layout  have  heen 
written  In  the  general  form  of  a  training  manual,  so  as  to  facili¬ 
tate  its  later  puhlicatlon.  The  present  volume  is  complete  and 
therefore  saperaedes  12Q>L  Report  1055,  Tentative  Operating  Ihstruc- 
tlons  for  Shoran  Photogrammetric  Mapping,  which  vaa  AesigneA  for 
tke  same  purpose  hut  which  coatairisd  only  the  first  four  chapters. 
Report  1055  should  now  he  destroyed  In  accordance  with  paragraph  33 > 
AR  580-5. 


The  Shoran  project  was  authorized  by  a  Ist  indorsement 
from  the  Chief  of  Engineers  to  the  Engineer  Research  and  Development 
Laboratories  (Engineer  Board),  dated  I8  October  19^6,  subjects 
Transmittal  of  Engineer  Board  Report  No .  987,  Second  Interim  Report, 
Application  of  Shoran  to  Mapping  (Work  Order  IMP  5^09,  MPS  673)  » 

This  material  has  been  coordinated  with  the  TJ.  S.  Air 
Force,  the  Army  Map  Service,  and  the  Engineer  School.,  and  has  boon 
Infomally  reviewed  by  personnel  of  the  U.  S.  Coast  and  Geodetic 
Survey.  All  Information  appears  to  bo  as  nearly  correct  as  can  be 
determined  at  this  stage  of  the  development  of  Shoran  equipment  and 
methods.  However,  should  any  errors,  omissions,  or  needed  revisions 
be  noted  during  the  use  of  those  instructions,  it  is  requested  that 
camments  bo  furnished  to  the  Engineer  Research  and  Development 
Laboratories  so  that  necessary  changes  can  be  disseminated  to  all 
concerned. 
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WILLIAM  C.  CtIDE 
Chief,  Topographic  Engineering 
Department 


1 


CHAPTBt  I 

(ZSSBKL 


‘«€yaP^ 

1 

2 

3 

k 

5 

6 

7 

8 

9 

10 


Sttb^ect 

Subject  and  Purpose 
Scope 

BeTlslons  to  the  Instruct lozis 
Developoent 

Ltmltations  of  Present  System 
Bespons Ihlllty 


Application 

Types  of  Shoran-controUed  Photography 
Shoran  Fll^t  Line  navigation 


1 


1 

1 

1 


k 

5 

6 
6 

7 

8 


n 


Accuracy 

Shoran  In  Leurga-area  Mapping 


9 


RESTRICTED 


3 


SHQRAR  PH0T0C2lAi®fflrRID  MAPPING  maTROCTICWS 


CHAPTER  I 


GcBlfERAXj 


1.  Subject  and  Purpose.  This  set  of  instructions  is  intended 
as  a  guide  for  use  in  the  preparation  of  maps  by  jhotogrammetric 
methods  fim  Shoran -controlled  aerial  photographs.  In  gsneral,  the 
procedures  vaiy  from  existing  standard  photograrametric  procedures 
only  in  so  far  as  is  necessary  to  apply  this  new  type  of  horizontal 
control ,  The  Shoran  system  measures  the  distance  between  an  air¬ 
borne  set  and  a  ground  transponder.  In  the  photographic  applica¬ 
tion,  the  distances  from  the  aircraft  to  ground  stations  placed  at 
each  end  of  a  base  line  of  known  length  are  recorded  at  the  instant 
of  each  aerial  exposure.  Shoran  readings  are  first  reduced  to 
corresponding  ground  lengths,  and  the  triangle  then  is  solved  for 
position  of  the  photo  plvmib  point. 

2.  Scope.  These  instructions  contain  the  detailed  infonna- 
tion  req.uired  in  Corps  of  Engineers  planning  for  Shoran -controlled 
aerial  photographic  missions  and  in  using  Shoran  control  in  photo - 
grammetric  mapping.  Also  Included,  in  order  to  provide  a  complete 
picture  of  Shoran  technique,  is  a  general  discussion  of  Shoran 
principles,  equipment,  and  airborne  operating  procedures.  Inasmuch 
as  Shoran  control  is  suitable  for  original  mapping,  the  instructions 
6ire  concerned  primarily  with  multiplex  procedures.  However,  the 
use  of  Shoran  with  slotted  templet  and  mosaic  methods  is  covered 
sufficiently  to  permit  employment  of  these  mapping  expedients  when 
the  occasion  waxrants.  Detailed  procedures  required  in  deteimlning 
distance  between  ground  stations  by  Shoran  measurements  or  in  the 
adjustment  of  Shoran  triangulation  are  not  included.  Knowledge  of 
the  material  contained  in  e:^;.»sting  man-uals  on  map  reading,  topo¬ 
graphic  drafting,  and  photogrammetric  mapping  is  presupposed. 

5.  Revisions  to  the  Instructions.  Although  mapping  with 
Shoran  control,  is  now  feasible,  the  procedures  herein  outlined  must 
be  considered  tentative  since  both  the  equipment  and  the  mapping 
procedures  are  In  the  developmental  stage.  Present  studies  give 
every  indication  that  accuracy  and  operating  efficiency  will,  be 
further  improved  as  modifications  and  tests  now  in  progress  are 
consummated.  New  equipment  and  revised  airborne  procedures  will 
require  parallel  changes  in  the  mapping  application  if  maximum  uti¬ 
lization  of  the  method  is  to  be  realized.  Revisions  will,  therefore, 
be  furnished  from  time  to  time  as  modified  mapping  procedures  are 
developed , 
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Developaaent .  The  teim  Shorazi  la  a  contract  lom  of  the 
phrase  SHOrt  BAn^  navigation.  Altho\i^  Its  tactical  emplo;mmt 
was  greatly  delayed,  Shoran  was  one  of  the  first  radar  systems  to 
ho  developed  during  World  War  II.  In  fact,  the  initial  Shoran  Idea 
was  conceived  In  1958  Ijy  the  Badio  Corporation  of  America.  The 
first  developmental  model  was  delivered  in  Fehruary  1942  under  con¬ 
tract  with  the  Aimy  Air  Forces  Aircraft  Badio  Laboratory  and  tested 
for  use  in  mvigatlng  the  homb  run  and  indicating  release  points 
for  bombardment  aircraft.  Althou^  the  fli^t  tests  wore  hi^ly 
satisfactory,  quantity  procurement  was  delayed  since  this  country 
was  then  newly  engaged  in  war  and  Impetus  had  to  bo  directed  toward 
the  development  and  procurement  of  basic  essentials  with  which  to 
equip  a  rapidly  expanding  Army.  Finally,  In  the  latter  part  of 
1944,  Shoran  wm  put  into  tactical  use  for  bombing  vital  pin-point 
targets  in  northern  Italy.  In  rapid  succession,  targets  that  had 
been  near  misses  by  visual  bombing  methods  wore  destroyed  with  the 
aid  of  Shoran.  Further  losses  of  airplanes  and  crows  resulting 
from  enemy  action  were  sharply  reduced  because  missions  could  be 
scheduled  at  ni^t  or  during  overcast  conditions.  Its  extensive 
use  was  planned;  but  by  the  time  the  equipment  could  be  made 
available  in  sufficient  quantity,  and  personnel  could  be  trained  in 
its  tactical  employment,  the  European  war  was  nearly  over  and  tar¬ 
gets  were  practically  non-existent.  Extensive  plans  were  also  made 
for  the  employment  of  Shoran  in  the  war  against  Japan,  but  again 
the  war  ended  before  the  plans  could  be  put  into  effect. 

The  desirability  of  adapting  this  distance  measuring  in¬ 
strument  to  mapping  operations  was  apparent  from  the  start.  At  the 
earliest  opportunity  tests  to  determine  accuracy  and  proper  mapping 
procedures  for  use  with  Shoran  control  wore  begun.  Use  of  the  sys¬ 
tem,  both  for  triangulatlon  and  for  controlling  aerial  photography, 
was  investigated.  Testing  started  in  January  1944  and  is  still  con¬ 
tinuing.  A  recording  camera  deslgoed  to  produce  exposures  synchro¬ 
nized  with  those  of  the  aerial  camera  was  developed  so  that  the 
Shoran  coordinates  of  each  aerial  exposure  could  be  determined. 
Bombardment  equipment  was,  and  still  is,  used  for  the  mapping  work, 
althou^  modifications  have  been  made  from  time  to  time  as  methods 
of  Improving  accuracy  were  revealed.  Airborne  and  office  procedures 
were  designed  to  be  employed  with  bombardment  equipment  in  order 
that  the  system  could  be  put  to  inmediate  productive  use .  Several 
design  featiires,  however,  somewhat  complicate  its  use  in  obtaining 
mapping  control,  and  for  this  reason  research  is  being  continued. 
New  equipment  designed  especially  for  Shoran  mapping  is  also  being 
developed,  but  several  years  will  be  required  for  its  procurement, 
testing,  and  standardization. 

5.  Limitations  of  Present  System.  The  Shoran  system  now  in 
use  will  i>roduce  planimetric  maps  approaching  peacetime  standards 
of  accuracy  for  1:50,000  scale.  Several  factors  affecting  accuracy 
and  operating  simplicity,  however,  need  further  study.  The  effects 


of  meteorological  condltiona  on  radio  vave  propagation  are  etill  to 
"be  clarified,  since  the  reduction  from  distance  along  the  Shoran 
ray  path  to  an  equivadent,  distance  on  tJae  earth’s  surface  reqixlres 
a  loiotfledgs  of  the  true  wave  path.  While  the  fomulas  presented  in 
this  manual  give  fairly  reliable- results,  continuing  stales  may 
reveal  desirable  'diangse^  Further  study  is  also  required  to  evalu¬ 
ate  and  correct  for  I'arlatlona  in  the  Shoraxj.  distance  readings  in¬ 
troduced  by  variations  in  strength  of  the  radio  signals.  ’  Althou^ 
the  primary  effect  of  this  "intensity  error"  is  of  a  systematic 
nature,  it  may  also  Introduce  random  errors  Into  the  finished  map. 

Another  source  of  error  results  from  the  inability  of  the 
airhome  operator  to  obtain  perfect  'pip"  alinement  at  the  instant 
of  each  aerial  exposure,  rhis  adjustment,  which  is  done  manually, 
must  be  perfoimed  continuously  during  the  photographic  mission. 

The  operatlcsn  Isa  tiring  one,  especially  at  photographic  altitudes, 
and  undoubtedly  Introduces  random,  eirrors  in  the  finished  map.  Pres¬ 
ent  equipment  provides  no  method*  for  determining  or  compensating  for 
the  errors  thus  introduced. 

Future  design  changes  and  modifioationB  in  equiiment  or 
mapping  procedures  may  oaiise  some  of  the  descrlptiona  or  methods 
herein  outlined  to  become  obsolete.  The  instructions  will  be  re¬ 
vised  frcm  time  to  time,  but  minor  changse  will  not  warrant  immedi¬ 
ate  republication;  therefore,  it  should  be  borne  in  mind  that  some 
descriptions  of  procedures  and  equipment  may  net  agree  exactly  with 
those  encountered  in  the  field.  For  example,  the  basic  infoimation 
reqtiired  for  determining  distance  will,  appear  on  the  film  from  all 
Shoran  recorders  but  auxiliary  instinjmonts  such  as  the  clock  or  the 
themometer  may  be  replaced  by  other  inetnjment  s . 

6.  ResponsibiH  by .  The  Corps  of  Engineers  are  responsible 
for  the  specifications  for  Shoiran-controiled  mapping  photography 
and  the  production  of  the  completed  photo  gramme  trie  map.  They  are 
also  responsible  for  indicating  the  desired  approximate  locations 
of  ground  station  sites  with  regard  to  exi.ating  ground  control  sys¬ 
tems  and  for  perfoiming  the  comprehaasive  siavey  work  necessary  to 
strengthen,  tie,  and  adjust  Shoran  ccntrcl.  The  Air  Force  is  re¬ 
sponsible  for  the  field  selection  of  Shoran  ground  station  sites 
and  for  the  installation,  mairtenance,  and  operation  of  both  air¬ 
borne  and  related  ground  Sb.oran  equipment.  The  Air  Force  is  also 
responsible  for  initially  locating  and  permanently  referencing 
Shoran  ground  stations,  for  deteimiiiing  meteorological  corrections 
and  calibration  constants,  and  for  performing  the  field  computations 
necessary  in  assuring  conformance  cf  Shoran  data  to  the  requirements 
of  general  specifications  furnished  by  the  using  agency.  The  Corps 
of  Eagin^rs  is  responsible  ‘  for  the  final  adjuatmant  and  analysis 
of  completed  control  networks  resulting  frcm  Shoran  triangulation  by 
the  line-crossing  method. 
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T.  Applloatlon .  Shoran  eq.uliansnt  is  iisable  for  obtaining 
photo  control  ,  for  fll^t  line  navigation,  trlangulatlon,  hydro - 
graphic  surveying,  and  possibly  for  other  distance  measuring  opera¬ 
tions.  Shoran-controlled  photography  can  bo  applied  either  to 
multiplex  or  to  slotted  templet  maiiplng.  It  also  is  suitable  for 
deteimining  over-all  scale  and  position  of  othoiviso  uncontrolled 
mosaics  and  for  preparing  both  semi -controlled  and  controlled 
mosaics . 


The  ability  of  the  system  to  guide  the  photographic  air¬ 
craft  along  a  prodetennlnad  fli^t  line  Is  of  great  Importance  in 
photogrammotric  mapping.  In  fact,  this  application  often  warrants 
the  use  of  Shoran  oven  in  areas  where  existing  ground  control  ob¬ 
viates  the  need  for  controlled  photography.  Many  man-hours  are 
lost  If  mapping  projects  are  hold  ^^p  waiting  for  rofll^ts  or  if 
the  photography  contains  excessive  or  insufficient  lateral  overlap. 
Shoran  fli^t  line  navigation  permits  flying  with  minimum  side  lap 
and  assures  obtaining  a  TnaTlrmnn  area  of  gapless  coverage  at  the 
first  fine  weather  opportunity.  In  the  few  instances  in  which  ro- 
fli^ts  become  necessary,  the  system  provides  a  positive  method  of 
quickly  obtairiing  the  necessary  additional  coverage. 

In  Shoran  trlangulatlon,  ground  station  sites  are  selected 
at  the  comers  of  appropriate  figures  and  all  sides  and  diaganals 
meaeured  by  flying  the  airborne  set  across  the  lines.  The  network 
then  is  adjusted  and  the  geodetic  positions  are  established  by  a 
least -squares  procedtire  somewhat  similar  to  that  used  for  normal 
trlangulatlon  with  measured  angles.  For  hydrographic  surveying, 
the  Shoran  airborne  set  is  Installed  on  a  survey  ship  and  used  to 
Indicate  position  at  the  instant  of  each  depth  sounding.  The  U.  S. 

’  Coast  and  Geodetic  Survey  is  presently  using  this  system  in  the 
preparation  of  hydrographic  charts. 

Only  the  applications  of  Shoran  in  obtaining  photo  control 
and  in  fli^t  line  navigation  are  of  primary  concern  in  this  set  of 
instructions . 

8.  Types  of  Shoran-controlled  Photography.  Shoran-controlled 
photography  is  applicable  to  photogrammetrio  mapping  projects  in 
areas  where  horizontal  control  is  unavailable,  or  where  the  time 
required  for  establishing  control  df  greater  accuracy  by  ordinary 
ground  methods  is  unwarranted.  In  most  mapping  assignments,  ground 
stations  can  be  tied  to  existing  triangulation  networks  so  that  the 
finished  map  can  be  positioned  with  respect  to  the  parallels  and 
meridians.  Where  mlliteiry  necessity  requires,  however,  maps  posi¬ 
tioned  only  with  respect  to  two  unsurveyed  groimd  stations  may  be 
produced.  In  this  method,  ground  stations  having  the  proper  geo¬ 
metric  and  range  relationediip  to  the  uxmiapped-  area  are  selected  in 
any  convenient  location  and  the  distance  between  them  is  deteimlned 
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■fay  flying  the  airhome  set  across  tie  line  Joiiiing  the  stations. 
Shoran.  photography  is  then  flown  in  the  normal  manner.  The  result¬ 
ing  map  will  have  good  internal  accvtracy  althou^  its  absolute  posi¬ 
tioning  will  have  to  await  geodetic  ties  either  to  the  groiuid  sta¬ 
tions  or  to  identifiable  points  within,  the  map  itself.  Astronomic 
observations  at  both  grotind  stations  may,  of  course,  be  used  for 
absolute  position,  but  because  of  inherent  inaccuracies  of  astrt»- 
nomlc  positions,  considerable  error  may  be  introduced. 

With  present  Shoran  eq^ulxmant,  maximum  map  accuracy  re- 
q.uires  distance  readings  corresponding  to  each  aerial  exposure  in 
the  area  being  mapped.  In  other  words  ,  the  aerial  operations  con¬ 
sist  of  normal  overlapping  cjoverage  with  accomparylng  Shoran  re¬ 
cordings.  Fully  controlled  photography  of  this  type  is  termed 
Shoran  ’’area  coverage  photography,” 

Ancrher  type  of  photo  control  involves  the  use  of  Shoran- 
controlied  photographic  strips  in  conjunction  with  existing  uncon¬ 
trolled  mapping  coverage.  The  control  strips  are  flown  at  ri^t 
angles  to  the  existing  photography  and  at  intervals  of  approximately 
each  six  exposures  along  it.  In  this  manner,  they  serve  to  replace 
the  ground  traverse  lines  that  normally  would  be  required  at  about 
this  same  apaoing,  Horl.zontal  pass  points  for  •  ontrol  of  the  map¬ 
ping  coverage  are  established  after  the  cross  flights  have  been 
scaled  to  the  Shoran  control.  This  type  photography  is  called 
Shoran  "cross  fli^t  photography,”  The  scaling  of  the  control 
strips  to  the  Sho:ran  positions  and  the  establishment  of  the  neces¬ 
sary  pass  points  may  be  accomplished  either  by  multiplex  or  by 
slotted  templet  methods.  This  fli^t  pattern  will  not  produce 
final  map  accuracies  eq.ual.  to  those  attainable  with  area  coverage 
photography  but  considerable  Shoran  flying  time  is  saved  in  areas 
in  which  existing  mapping  coverage  is  available.  As  Shoran  accu¬ 
racy  is  further  Improved,  cross  fll^t  photography  may  become  in¬ 
creasingly  more  Important . 

For  reconnaissance  mapping  at  scales  of  Ig 250,000  and 
smaller,  Shoran  ’’control  point  photography’’  carx  be  used.  Here, 
Shoran -controlled  exposures  are  used  to  pin-point  identifiable 
points  at  intervals  of  thirty  to  fifty  miles  throu^out  the  area 
under  consideration.  Ground  positions  determined  from  these  photos 
then  can  be  used  Iti  the  preparation  of  small -sceile  maps  by  tri- 
metrogcn  or  other  reconnaissance  type  mapping  methods. 

9»  Shoran  Flight  Line  Navigation.  A  "atrai^t  line  indi¬ 
cator”  for  attachment  to  the  airborne  set  is  standard  Air  Force 
equipment  and  is  Issued  to  Shoran  phctographic  units.  This  auxil¬ 
iary  instrument  permits  fli^t  line  navigation  along  straight  lines 
that  are  referenced  oiiLy  to  the  ground  stations,  and  is  proving  to 
be  extremely  valuable  for  work  in  areas  where  good  fli^t  maps  are 
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uaavallalile .  Where  Shoraa  la  used  for  photo  control,  the  strai^t 
line  Indicator  nonaally  will  he  used  for  navigp.tion.  Fll^t  lines 
preferably  aare  laid  out  parallel  to  the  line  connecting  the  ground 
stations.  However,  the  only  restriction  as  to  orientation  is  that 
the  flight  lines  or  their  extoasions  must  clear  the  ground  positions 
by  at  least  50  miles. 

If  the  stralg^it  line  Indicator  la  unavailable,  fli^t 
line  navigation  may  be  accomplished  by  flying  arcs  of  constant  radii 
about  one  of  the  ground  stations.  The  resulting  curved  flints  in¬ 
troduce  several  undesirable  conditions  such  as  the  centrifugal  de¬ 
flection  of  the  camera  level  bubble,  the  creation  of  crab  betweffli 
exposures,  and  the  inability  to  arranga  fll^t  linss  to  suit  special 
req.uiramente ,  However,  these  disadvantages  are  far  outwel^ed  by 
the  certainty  of  obtaining  good  photographic  coverage  on  the  first 
mission.  It  shotLLd  also  be  noted  that  the  adverse  effects  are  re¬ 
duced  as  the  fll^t  radius  increases.  In  this  method  of  arc  flying, 
the  radius  must  always  be  at  least  fifteen  times  the  flying  hei^t 
in  areas  where  multiplex  methods  are  to  bo  used  in  the  compilation 
process.  This  is  necessary  In  order  not  to  exceed  the  usable  length 
of  the  Y -movement  available  for  orientation  of  curved  flints. 

Another  possible  method  of  fli^t  line  navigation  is  by 
’’precomputed  coordinates,”  In  this  procedure,  the  proper  distance 
readings  from  the  aircraft  to  each  ground  station  at  regular  inter¬ 
vals  along  a  strai^t  lino  are  computed  before  tahe-off  and  the  air¬ 
craft  then  is  flown  so  as  to  pass,  as  near  as  possible,  along  this 
precomputed  course.  Considerable  skill  and  experience  on  the  part 
of  both  pilot  and  navigator  are  required  to  accomplish  this  typo 
mission. 


10,  Accuracy.  The  Shoran  system  contains  both  systematic  and 
random  errors .  ^Jhon  applied  to  map  control,  the  systematic  (mean) 
error  will  appear  as  a  shift  of  the  entire  area  with  respect  to  the 
parallels  and  meridians.  Deviations  from  the  moan  (random  errors) 
will  be  evidenced  as  localized  scale  and  sizimuth  errors  within  the 
map. 


For  many  military  mapping  operations,  deviation  from  the 
mean  will  have  the  greater  significance  since  the  relative  posltiona 
of  features  will  bo  of  more  importance  than  having  the  map  in  its 
correct  geodetic  position.  Tests  show  that  present  Shoran  equip¬ 
ment  will  locate  two -thirds  of  the  exposure  stations  to  within  about 
■f75  feet  of  true  position,  exclusive  of  the  moan  error.  Moltlplex 
maps  compiled  from  this  control  will,  however,  give  somewhat  greater 
accuracy  than  wotild  be  expected  from  this  statement .  The  methods 
later  described  provide  for  scaling  the  map  to  the  best  mean  fit  of 
H.1 1  Shoran  points  and  thus  permit  ’’averaging  out”  some  of  the  random 
Shoran  error.  Multiplex  test  maps  compiled  in  this  manner,  using 


area  coverage,  T -5  pilot ography  from  atout  20,000  feet,  indicate 
that  two-thir^  of  the  detail  points  will  have  a  relative  accuracy 
of  about  465  feet,  90  percent  of  the  points  will  he  true  to  within 
J1IO5  feet,  and  no  point  will  he  in  error  over  about  I90  feet. 

These  values  are  all  exclusive  of  the  mean  map  position  erior. 

They  represent  about  the  maximum  accuracy  attainable  with  Shoran  in 
its  present  state  of  development  and  are  presented  here  to  indicate 
the  capabilities  of  this  new  mapping  tool.  The  approximate  accur¬ 
acies  to  be  expected  from  other  Shoran  photogrammetrlc  applications 
are  given  in  later  chapters  where  the  various  procedures  are  dis¬ 
cussed  in  detail c 

Whenever  properly  calibrated  equipment  is  used  during  the 
photographic  operations,  the  mean  shift  of  the  map  sheets  should 
never  exceed  about  50  feet.  Even  this  error  can  be  largely  elimi¬ 
nated  if  one  or  two  identifiable  points  of  known  position  are  avail¬ 
able  in  the  area  being  mapped.  Under  these  conditions,  the  Shoran 
map  is  first  complied  by  one  of  the  methods  later  discussed  and  the 
entire  sheet  then  is  "slipped”  into  position  as  indicated  by  the 
smrvey  points .  If  several  adjacent  sheets  are  to  be  compiled,  sur¬ 
vey  points  in  every  second  or  third  sheet  probably  will  be  suffi¬ 
cient  . 

11.  Shoran  in  Large -area  Mapping.  It  can  be  seen  that,  in 
Shoran,  the  surveyor  has  acquired  another  new  and  useful  tool. 

With  the  aid  of  Shoran  navigational  methods  largo  areas  of  gapless 
photography  can  be  obtained  in  a  minimum  amount  of  time.  Areas  of 
approximately  2,500  square  miles  can  be  photographed  in  one  6 -hour 
flight  at  a  photographic  altitude  of  20,000  feet.  Re flights  will 
seldom  be  needed  but,  when  necessary,  they  can  be  readily  obtained. 
The  simultaneous  ^thering  of  horizontal  control  saves  many  miles 
of  laborious  triangulation  and  traverse  operations.  Althou^  the 
Shoran  system  itself  provides  no  vertical  control  information, 
acc’orate  altimeter  readings  at  the  instant  of  each  exposure  and 
properly  spaced  cross  flints  will  reduce  the  number  of  elevation 
points  that  must  be  established  by  ground  methods.  In  fact,  if  the 
elevation  of  only  a  few  well -distributed  points  throu^out  the  area 
(such  as  water  surfaces)  can.  be  recovered  and  used  in  conjunction 
with  the  altimeter  data,  fairly  reliable  fom  lines  can  be  sketched 
by  multiplex  methods  without  recourse  to  additional  control  (Chap¬ 
ters  VII  and  VTII)  .  The  value  of  being  able  to  compile  even  a  good 
planimetric  map  without  ever  having  to  occupy  the  ground  cannot  be 
overestimated  in  military  mapping. 

By  use  of  the  line-crossing  procedure,  the  Shoran  system 
also  provides  the  method  for  making  the  Initial  triangulation  sur¬ 
vey.  Ground  stations  thus  located  then  become  the  ground  stations 
for  use  in  controlling  the  mapping  photography.  It  may  even  be 
possible  to  attain  greatest  efficiency  by  combining  the  two 


opezmtioBW.  Pbotogr&iAilc  work  then  could  he  cceacantrated  on  the 
rather  rare  cloudless  da^  and  line  crossing  could  he  accoopllahed 
on  the  dsTB  vhao.  photographs  cannot  he  obtained. 
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CHAPTER  II 

PRmCIPLES  OF  3B0RAH  MAPPHTG 

1.  General.  SHoran  Is  an  electronic  measiirlng  system  for 
Indicating  dlsiances  from  an  airplane  to  each  of  two  Shoran  ground 
stations.  In  operation  the  aircraft  transmits  radio  BlgpalB  to 
each  of  the  ground  stations.  These  signals  are  received  and  Im¬ 
mediately  retransmitted  hank  along  the  same  path.  By  automatic 
measurement  of  the  time  req.ulred  for  the  signals  to  traverse  each 
round-trip  path,  the  alrhoine  equipment  obtains  an  accurate  figure 
for  the  distances  to  the  ground  stations.  This  Information,  to¬ 
gether  with  a  knowledge  of  the  flying  hel^t,  permits  computation 
of  the  horizontal  position  at  the  Instant  of  each  reading.  Fig. 
2-1  shows  how  the  distance  Indications  serve  to  fix  the  aircraft 
relative  to  the  two  ground  stations.  In  areas  fdiere  geodetic  poel< 
tlons  of  the  ground  sets  are  known,  the  absolute  airplane  position 
may  be  computed. 


2.  The  Pulae  SyBtega  of  Plstaiu>»  ItoaaiorqBMigb .  The  dletaaoe 
of  the  Shorasi  aircrafx  frasL  eaok  ground.  ffEa^lbn’  detezmlned  hy 
meaziB  of  the  "echo -timing  principle."  This  eoho-tlmlzig  method 
meacnireB  the  time  reaulred  for  a  short  train  of  radio  vares 
(called  a  "pulse")  to  travel  over  the  distance  and  hack  to  the 
starting  point.  In  most  radar  systeBOs^  a  round-trip  radio  path, 
for  the  purpose  of  distance  detezmlnatlon,  makss  use  of  the  fact 
that  many  ohjecta  act  as  good  reflectors  of  radio  waves.  That  Is, 
radio  pulses  from  the  originating  point,  striking  a  wave  reflect¬ 
ing  object,  are  reflected,  or  re -radiated,  to  provide  an  "echo" 
slguil  >dilch  the  originating  station  picks  up.  In  Ihls  genaral 
type  of  system  the  reflecting  surfaces  usually  are  enemy  aircraft 
or  other  types  of  non -cooperating  targets. 

Shoran  xoses  a  more  effective  method  fbr  providing  round- 
trip  paths.  Instead  of  using  a  metallic  object  as  a  reflector, 
the  ground  station  Is,  Itself,  a  radio  receiver  and,  transmitter. 
With  this  syBtem,  the  echo  signal  is  greatly  amplified.  71g.  2-2 
Illustrates  the  method  used  to  determine  the  distance  to  a  ground 
station.  Here,  the  alrboma  set  sends  out  a  pulse  of  radio  energy 
In  the  direction  of  the  distant  ground  station,  and  simultaneously 
makss  a  kink  or  "pip"  (deslgiated  the  marker  pip)  on  the  screen  of 
the  cathode-ray  tube.  Whan  the  radio  echo  of  this  pulse  returns 
frcm  the  ground  station.  It  Is  received  and  made  to  produce  a 
second  pip  (the  echo  pip)  on  the  screen. 

The  airborne  Instrument  Is  deslgoed  to  produce  a  circu¬ 
lar  sweep  on  the  face  of  the  cathode -ray  tube.  The  velocity  of 
the  sweep  Is  constant  (nearly)  and  Is  dstexmlned  by  the  particular 
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scale  settliig  selected «  Pulses ,  ganerated  at  a  constant  rate,  are 
fed  to  both  the  cathode -ray  tube  and  the  airborne  tiansmitter. 

Since  these  pulses  are  synchronized  with  the  sweep  generator,  the 
marker  pip  remains  at  a  fixed  position  on  the  screen.  The  echo 
pulse,  however,  is  delayed  because  of  the  time  required  for  round- 
trip  travel  to  the  ground,  station  and,  therefore,  fonns  a  second 
pip  on  the  "sweep  circle"  at  some  distance  from  the  marker  pip. 

The  distance  between  the  two  pips  is  a  direct  indication  of  the 
time  which  elapsed  between  the  formation  of  the  first  pip  and  the 
formation  of  the  second.  In  other  words,  the  distance  between  pips 
depends  directly  ou  the  time  required  by  a  radio  pulse  to  make  the 
round  trip  over  the  distance  being  measured.  Since  radio  pulses 
travel  at  a  known  speed  (approximately  186,219  miles  per  second  at 
sea  level)  ,  this  distance  between  pipe  also  indicates  the  length  of 
the  round-trip  radio  pulse  path,  and  therefore  measures  the  air¬ 
line  distance  between  the  airplane  and  the  ground  station.  The 
persistence  of  vision,  the  persistence  of  the  oscilloscope,  and  the 
rapid  rate  at  which  the  signals  are  repeated  furnish  the  operator 
with  continuous  images  of  the  marker  and  the  echo  pips. 

With  Shoran,  the  elementary  method  Just  discussed  is  modi¬ 
fied  in  an  important  way.  Actually,  instead  of  directly  using  the 
distance  between  the  pulses  on  the  cathode -ray  tube  as  an  indica¬ 
tion  of  distance,  a  "timing  advance  system"  is  used  to  produce  trans¬ 
mitted  pixlses  sufficiently  eaxlier  than  the  corresponding  marker 
pulses  so  that  a  signal  returning  from  its  round  trip  arrives  Just 
in  time  to  meet  the  corresponding  pulse  at  the  cathode -ray  tube. 

The  amount  of  time  advance,  or  headway,  given  the  outgoing  pulse  is 
variable  and  is  calibrated  so  that  the  distance  from  the  ground  sta¬ 
tion  is  read  directly.  During  operations,  the  device  is  adjusted 
until  the  leading  edge  of  the  echo  pip  coincides  with  that  of  the 
marker  pip.  The  distance  from  the  airplane  to  the  ground  station 
can  then  be  read  in  miles  on  a  dial  scale  and  vernier  counter. 

In  order  to  make  possible  a  2-circle  fix  (Fig.  2-1) , 
simultaneous  Indications  from  two  ground  stations  eire  obtained  by 
sending  pulses  from  the  airplane  in  eLLternate  groups,  or  trains, 
first  to  one  and  then  to  the  other,  and  so  on.  Althou^  most  of 
the  radio  equipment  is  used  Jointly  by  both  signal  "channels"  in 
the  airborne  set,  separate  timing  advance  systems  are  used  so  that 
the  two  Shoran.  mileages  can  bo  set  and  read  separately.  The  two 
timing  advance  systems  are  driven  by  hand  or  geared  to  a  motor 
drive,  A  single  cathode-ray  tube  is  used  as  an  indicator.  One 
marker  pip  appears  at  the  top  of  the  screen  of  this  tube  and  two 
received  pips  show  up  on  the  sweep  circle  at  positions  depending 
upon  the  distances  to  the  ground  station.  The  set  is  so  designed 
that  one  echo  pip  projects  toward,  and  the  other  away  from,  the 
sweep  circle  center.  When  the  two  received  pips  are  set  in  coin¬ 
cidence  with  the  marker  pip,  the  resulting  readings  of  the  dials 
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are  the  dlstanceB  of  the  airplane  from  each  ground  statlcm.  Fig. 
2-3/^  ehovB  the  pattern  on  the  cathode -ray  tube  with  the  received 
pipe  out  of  allnement  with  the  marker.  In  Fig.  2-3B  the  pipe  are 
shown  properly  adjusted  to  coincide  with  the  marker. 
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FIG.  2-5.  PATTERN  ON  CATHODE-IWLY  TUBE.  IN  "A”  THE  THREE 
PIPS  ARE  SEPARATED  FOR  CLARITY.  IN  ‘tB”  THE  PIPS  ARE  ALINED 
TO  PEEUTT  TRDE  DISTANCE  RECORDINGS  ON  TEE  SHORAN  DIALS. 

In  Shoran  operations  the  dsslgmtlon  of  one  ground  sta¬ 
tion  as  the  "Rate"  station  and  the  other  as  the  "Drift"  station 
occasionally  will  he  encountered.  This  terminology  Is  a  carry 
over  from  the  hcmhlng  application  where  the  homh  xxai  was  made  hy 
flying  an  arc  of  constant  radius  about  the  Drift  station.  In  map- 
pi^,  the  selection  of  one  station  as  the  Rate  and  the  other  as 
the  Drift  station  is  arbitrary  and  is  used  only  as  a  convenience. 
Except  possibly  where  arc  flying  is  used  in  navigation,  It  Is  pref 
erable  to  designate  the  ground  stations  simply  as  station  "A"  and 
station  "B" .  Under  this  designation  the  woBtemmoBt  station  Is 
called  A  and  the  easternmost  is  called  B. 

5.  Equipment .  A  complete  Shoran  system  consists  of  two 
similar  ground  stations  at  a  considerable  distance  apart,  and  sets 
of  airborne  equipment  installed  in  one  or  more  aijrplanes.  A 
"Shoran  irecorder,"  included  as  part  of  the  airborne  equipment, 
furnishes  a  photographic  record  of  Shoran  readings  during  photo¬ 
graphic  operations.  The  actuation  of  the  recorder  camera  from  the 
aerial  comora  intervalcaneter  provides  the  information  necessary 
for  computing  the  plan  position  of  each  aerial  exposure. 
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The  grovmd  station  equlpnent,  which  is  known  as  Radio  Set 
AN/CiW-2,  consists  of  an  antenna  mast,  an  antenna  structure,  a 
generator,  a  monitor,  a  receiver,  a  transmitter,  cables,  and  other 
small  items.  The  gasoline -driven  generator  furnishes  the  entire 
power  required  for  the  operation  of  a  ground  station.  The  monitor 
incorporates  provision  for  tuning  and  for  adjusting  the  total  time 
required  for  the  pulse  to  pass  through  the  equixment.  Provision 
is  also  made  for  reshaping  the  pulse,  since  distortion  is  intro¬ 
duced  during  transmission  from  the  airplane.  The  antenna  struc¬ 
ture  when  erected  upon  the  mast  stands  50  feet  above  the  ground. 
Horizontal  radiation  from  the  ground  station  antennas  is  moderately 
directional;  the  maximum  sigial  intensity  is  in  the  direction  to¬ 
ward  which  the  antenna  is  pointed,  and  it  decreases  to  about  50 
percent  at  an  angle  of  50°  on  either  side.  In  mapping  operations 
one  pointing  of  the  antenna  usvially  is  sufficient,  except  under 
special  conditions  or  where  very  large  areas  are  involved.  Equip¬ 
ment  for  one  groimd  station  is  illustrated  In  Fig.  2-k.  Five  men 
can  set  up  the  station,  make  necessary  adjustments,  and  have  it 
ready  for  operation  in  approximately  8  hours.  Gasoline  consump¬ 
tion  of  the  power  vinit  is  about  1  gph. 


FIG.  2-U.  SIIORAII  GROUIID  STATiOL. 
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Tlio  alr1)orDe  eq.ulpm0zit  Is  known  as  Radio  Set 
It  consists  of  a  receiving  antenna,  a  transmitting  antenna,  a  re> 
celver,  a  timing  unit,  a  transmitter,  cabbies,  and  mounts.  The  tim¬ 
ing  and  receiver  units  are  built  into  one  componant  and  must  be 
positioned  In  tbe  aircraft  so  as  to  peimit  the  operator  both  to  see 
axul  to  have  eas7  access  to  the  front  panel.  As  operation  of  the 
transmitter  is  practically  autcmatic,  it  may  be  installed  In  any 
convenient  location  in  the  plane.  Both  the  receiving  and  the  trans¬ 
mitting  antennas  are  thin  rods  projecting  about  12  inches  from  the 
fuselage  and  both  are  non -directional.  The  point  midway  between 
these  antennas  is  the  point  at  ^ich  the  Shoran  positions  are  effec¬ 
tive.  In  ihotographlc  install  at  Ions  the  aerial  camera  either  must 
be  placed  near  this  mid -point  or  a  compensating  correction  must  be 
made  during  the  computation  step.  The  timing  unit  (Fig.  2-5)  Is 
the  heart  of  the  entire  Shoran  system,  since  the  actual  distance 
measurement  takes  place  within  this  unit.  Visible  on  the  front 
panel  of  the  instruments  are  various  tuning  dials,  the  face  of  the 
cathode -ray  tube  (1),  large  dials  for  rou^  adjustment  of  the  time 
delay  and  Indication  of  mileage  (2) ,  and  mileage  counters  which 
servo  as  verniers  In  Indicating  distance  to  each  ground  station  (5) . 
A  selector  switch  pemlts  changing  the  scale  so  that  one  revolution 
on  the  sweep  circle  represents  1  mile,  10  miles,  or  100  miles. 

With  the  sweep  circle  set  at  the  nonnri  operating  scale  of  1  mile 
per  revolution,  distance  to  the  nearest  10  miles  is  read  directly 
from  large  dials.  The  vernier  counters  give  direct  readings  for 
the  1-mile,  O.l-mlle,  and  O.Ol-mlle  portion  of  the  distance. 

Fig.  2-6  shows  the  recording  unit  and  Fig.  2-7  illustrates 
an  exposure  from  the  recording  camera.  This  unit  fits  Just  below 
the  timing  unit  and  becomes  an  Integral  part  of  it.  Fig.  2-8  shows 
the  combined  units  installed  for  airborne  use.  Mileage  counters  In 
the  recorder  duplicate  those  of  the  timing  unit  and,  in  addition, 
provide  space  for  the  100-  and  10-mlle  portion  of  each  reading. 
Synchronization  of  the  two  sets  of  comters  is  accomplished  by  means 
of  a  direct  gear  connection.  With  this  arrangement,  adjustments  to 
the  timing  advance  systems  can  be  znade  by  manipulation  of  the 
appropriate  recorder  mileage  counter  controls.  Adjustment  to  each 
of  these  counters  Is  made  by  means  of  a  displacement  knob  and  a 
variable  speed  motor.  Since  the  displacement  knobs  are  directly 
geared  to  the  timing  unit  they  can  be  used  alone  to  maintain  pip 
alinament.  This  is  a  purely  manual  operation,  however,  and  since 
the  airplane  is  constantly  moving,  would  require  a  groat  deal  of 
work.  By  use  of  the  motors,  each  counter  (and,  therefore,  the  tim¬ 
ing  advance  systems)  can  be  set  at  a  constant  corrective  speed,  that 
approximates  the  speed  of  the  plane  with  respect  to  the  groxmd  sta¬ 
tions  .  This  greatly  reduces  the  number  of  manual  adjustments  that 
must  be  made  to  the  displacement  knobs.  The  regulator  for  each 
motor  is  placed  Just  b^lnd  its  corresponding  displacement  knob  to 
permit  the  operation  of  both  with  the  same  hand.  Even  with  this 
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FIG.  2-5.  SHORAH  TIMING  UNIT. 
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FIG.  2-6.  SHOEAN  KECORDER. 
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FIG.  2-7.  SHOBAN  DATA  FIIM. 

arrangsment,  operation  of  the  alrhome  set  necessitates  constant 
manipulation  with  both  hands  (one  ’’rate”  and  one  "displacement” 
knob  for  each  of  the  two  ground  statlcuis)  and  requires  difficult 
maniial  coordination  >dilch  can  be  obtained  only  throu^  practice 
and  experience. 

The  recorder  photographs  are  taken  by  a  standard  55-nim 
moving  picture  camera,  modified  to  expose  sln^e  frames  upon  re¬ 
ceipt  of  Impulses  from  an  Intervalometer .  Each  recording  shows 
the  counter  reading  to  each  ground  station,  a  compass  giving  the 
heading  of  the  aircraft,  an  altimeter,  a  thezmometer,  a  clock,  a 
data  card,  and  an  exposure  counter  which  has  been  synchronized  with 
that  of  the  aerial  camera.  The  Illustrated  exposure  (Fig.  2-7) 
shows  that,  when  this  picture  was  taken,  the  airplane  was  102.904 
miles  from  one  ground  station  and  103 >6^2  mlloe  from  the  other. 

The  figure  In  the  third  decimal  place  Is  obtained  by  Interpolation. 
Information  furnished  with  the  photography  must  Indicate  to  which 
ground  station  each  of  the  counters  refer.  The  small  pointer  of 
the  altimeter  reads  In  10, 000 -foot  units,  the  medium  length  pointer 
In  thousands  of  feet,  and  the  longest  pointer  In  100 -foot  units. 

The  flying  height  Indicated  on  the  saoqile  exposure  Is  12,440  feet 
above  sea  level.  Althou^^  both  are  actuated  from,  the  same  Inter - 
valcmeter,  certain  undesirable  design  features  In  present  recorders 
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FIG.  2-8.  AIRBORNE  INSrALLATION  OF  SBORAl^'  TDAWG  UK  11  AI'U) 
RECORDER. 
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require  each  aerial  camera  —  Shoran  recorder  Installation  to  he 
Indlvld-ually  callhrated  to  asauz^  perfect  synchronization. 

CharacterlatlcB  of  Wave  Path.  Shoran  waves,  Uhe  ll^t 
waves,  travel  In  stral^t  lines  in  a  vacum,  and  are  refracted  down¬ 
ward  idien  they  ere  traveling  throu^  the  atmosihere.  The  amount  of 
refraction  of  the  Shoran  rays,  however.  Is  somevdiat  greater  than 
that  of  ll^t  waves.  Fig.  2-9  Illustrates  the  effect  of  atmos¬ 
pheric  refraction.  Banding  of  the  path  is  greatest  near  the  groiind, 
hut  the  path  approaches  a  stral^t  line  at  hl^er  altitudes  where 
atmospheric  pressure  and  molstiire  content  heccme  less  and  less.  It 
can  also  he  seen  from  Fig.  2-9  that  the  maximum  horizontal  range  of 
a  Shoran  airplane  from  either  ground  station  Is  depeoident  upon  the 
helgjit  of  the  ground  station,  flying  hei^t,  refraction  of  the  ray- 
path,  curvature  of  -fche  earth,  and  ele-vatlon  of  the  terrain  along 
•the  ray  path.  A  much  clearer  picture  of  the  wave  path  Is  given  hy 
using  the  concept  of  a  flat  earth.  Bere,  -the  earth  Is  assumed  to 
he  a  plane  and  the  ray  pa-th  Is  assumed  to  contain  -the  effects  of 
hoth  refraction  and  curvature.  Fig.  2-10  shows  -this  representation 
of  the  Shoran  ray  pa-th.  Ifoder  -the  conditions  shown,  -the  Tnarimum 
range  of  -the  eq.uipment  is  given  hy  -the  following  formulas 

Range  In  miles  •  1.36(  Vk  -  G  -  G  ) 

where  H  a  Altitude  In  feet  above  sea  level  of  aircraft 

K  ■  Heif^ht  in  feet  above  sea  level  of  ground  sta¬ 
tion  antenna 

G  ■  Hei^t  In  feet  above  sea  level  of  -terrain  at 
low  point  of  Shoran  ray  pa-th 

Use  of  -this  formula  must  he  limited  to  areas  where  -the  terrain  in 
-the  vicinity  of  -the  low  point  of  -the  path  is  level  and  at  a  fairly 
constant  elevation  above  sea  level.  Distance  from  -the  ground  sta¬ 
tion  to  the  low  point  of  the  pa-th  Is  gl-ven  hy  the  formula: 

Mo  ■  1.56v®  - 

where  ■  Dis-tance  In  miles  from  ground  station  to 

low  point  of  Shoran  ray  pa-th 

E  &  G  as  before 

Actually,  Mq  and  G  are  Interdependent,  so  -that  one  cannot  he  deter¬ 
mined  until  the  o-ther  is  established.  However,  in  many  instances 
where  terrain  Is  relatively  flat  for  a  considerable  distance  from 
-the  ground  station,  -the  formula  gives  a  reliable  estimate  of  ei- 
treme  range.  If  Intervening  hills  obstruct  -the  "line  of  sl^t,” 
o-ther  formulas,  or  even  -the  construction  of  a  profile,  may  bo  re¬ 
quired.  These  problenis  are  discussed  further  In  Chapter  III. 


FIG.  2-10.  FLAT  EAKTH  CORCEFT  FOB  DETEEMIRIIfG  HEICaBT  OF 
SHOBAN  BAY  FATE. 

The  fomula  Just  presented  gives  fairly  rellahle  recon¬ 
naissance  values  for  the  Tmt-HttHim  horizontal  range  of  the  Shoran 
equipment.  However,  terrain  conditions  in  the  immediate  neither - 
hood  of  the  ground  station  and  other  local  factors  may  Introduce 
anomalies  that  will  considorahly  modify  values  obtained  hy  the  use 
of  this  fomula.  Where  it  hecomeB  nocossary  to  work  near  the 
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extreme  range  of  the  equipment,  or  where  an  alternate  selection  of 
ground  station  positions  is  possible,  the  advice  of  Air  rorce  elec¬ 
tronic  specialists  should  he  obtained.  It  will  also  be  found  that 
atmospheric  conditions  at  the  time  of  Shoran  operations  will  have  a 
small  effect  on  maximum  range.  On  days  when  the  moisture  content 
of  the  atmosphere  is  high,  Increaised  refractions  will  enable  the 
aircraft  to  receive  signals  at  a  distance  slightly  greater  than  the 
confuted  range,  while  under  very  dry  conditions,  the  signals  will 
cut  out  at  a  distance  slightly  less  than  the  computed  range. 

5.  Squinment  CaHbration  and  Ad.1ustmBnt.  Shoran  measures 
distance  between  the  aircraft  and  each  ground  station  as  a  functlcjn 
of  the  time  required  for  a  pulse  of  electromagnetic  energy  to  travel 
the  round-trip  path.  Since  the  pulse  of  energy  is  delayed  a  con¬ 
stant  amount  in  passing  through  the  ground  station  equipment,  the 
airborne  tinin^-  circuits  are  set  to  consider  this  delay.  The  fac¬ 
tory  adjustments  of  the  airborne  seta  assume  equal  time  delays  in 
all  ground  sets,  the  delay  being  a  constant  equivalent  to  O.I8OO 
mile.  This  means  that  each  airborne  set  is  adjusted  so  that  when 
it  is  receiving  its  own  transmitted  signal  (that  is,  measiirlng  a 
zero  distance)  the  mileage  counters  will  read  99.8200  instead  of 
0.0000.  However,  since  many  indeterminates  affect  the  delay,  it  is 
necessary  to  calibrate  and  to  determine  the  "ground  station  delay 
correction"  for  each  ground  station  Just  prior  to  commencing  Shoran 
operations . 

It  la  also  fo^cnd  that  all  airborne  sets  do  not  read 
99.8200  when  they  are  receiving  their  own  signals.  In  fact,  the 
"observed  zero"  in  any  one  set  does  not  remain  constant  but  must  be 
read  and  recorded  at  the  beginning  and  end  of  each  photographic 
mlaalon  if  ntiximuin  Shoran  accuracy  is  to  be  attained.  The  "correc¬ 
tion  of  the  obaeirved  zero  from  the  reference  value  of  99.8200"  is 
algebraically  added  to  the  mileage  coxmter  reading.  This  correc¬ 
tion  is  determined  as  follows: 

Zero  carrection  =  99.8200- Sz 
where  =  Zero  observation 

Pulse  travel  time  is  measured  in  the  airborne  timing  unit 
by  means  of  a  timing  oscillator.  The  equipment  design  is  such  that 
true  path  distance  is  recorded  when  this  oscillator  frequency  in 
cycles  per  second  is  equal,  to  one -half  the  velocity  of  electromag¬ 
netic  propagation  in  miles  per  second.  Electromagnetic  wave  veloci¬ 
ty,  which  is  equivalent  to  the  speed  of  light,  is  186,219  miles  per 
second  at  sea  level  under  standard  atmospheric  conditions.  As 
Shoran  measures  the  loop  travel,  it  is  convenient  to  use  the  loop 
velocity  of  93 >109. 5  miles  per  second.  Correct  Shoran  readings, 
then,  will  be  obtained  when  the  airborne  timing  oscillator  is 
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adjiifltod.  to  a  freq.uancy  of  93^109 *5  cyclea  per  secoiid.  Vlmn  the 
timing  oscillator  freq.uflncy  differs  from  this  reference  value  a 
correction  Is  required. 

The  oscillator  in  the  airt)033ie  sot  la  not  temporatuiro 
stabilized;  cansequently,  the  vide  range  of  pressure  and  tempera¬ 
ture  conditions  encountered  between  grouixd  elevation  and  photo¬ 
graphic  flying  hol^t  preclude  reliance  on  the  frequency  stability 
of  this  oscillator.  To  overcome  this  difficulty  each  ground  sta¬ 
tion  la  equipped  with  a  temperature  stabilized*  and  compensated  cry¬ 
stal  oscillator  circuit  and  Just  before  starting  the  photography, 
the  airborne  timing  oscillator  frequency  is  adjusted  to  obtain 
synchronization  with  the  ground  station  oscillators.  Actiially,  the 
two  ground  stations  will  not  be  exactly  on  the  same  frequency,  and 
so  the  airborne  timing  oscillator  is  adjusted  to  the  mean  of  the 
two  frequencies.  This  alrboroe  adjustment  of  the  timing  oscillator 
furnishes  a  valuable  check  on  the  equipment,  since  a  difference  of 
frequency  between  the  two  ground  seta  of  more  than  2  cycles  per 
second  indicates  the  necessity  of  recalibrating  the  ground  station 
oscillators . 


The  method  used  in  calibrating  and  adjusting  the  ground 
station  timing  oscillators  does  not  always  produce  a  fmqTisncy  of 
exactly  95,109»5  cycles  per  second.  This  procedure  does  not 
seriously  handicap  the  ccaaputations ,  however,  since  a  "timing  fre¬ 
quency  correction"  is  easily  applied  if  the  frequency  used  during 
the  Shoran  operations  is  accurately  known.  The  following  formula 
gives  the  required  values 


93,109.3 

F 


where  AS  =  Timing  frequency  correction  in  miles 

F  »  Actual  timing  frequency  in  cycles  per 
second 

S  •  Shoran  distance  in  miles 


Where  maximum  accuracy  is  required,  it  is  also  necess'ary 
to  apply  a  "timing  non-linearity  correction,"  This  error  results 
from  sli^t  irregularities  in  the  functioning  of  the  "phase -advance" 
devices  which  form,  a  constituent  part  of  each  timing  advance  system.. 
The  correction,  which  should  never  exceed  *0,006  mile,  is  furnished 
in  the  form  of  tables  or  curves  by  the  photographic  u^t  if  re¬ 
quested  in  the  specifications  for  photography. 

A  rather  large  error  in  the  Shoran  measurements  may  be 
Introduced  by  variation  of  the  signal  Intensity  in  different  sec¬ 
tions  of  the  field  of  coverage.  This  effect  is  caused  by  the  fact 
that  one  wave  path  travels  directly  frcmi  the  ground  antenna  to  the 
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alroraft  \dille  a  second  travels  from  xhe  ground  antenna  to  the 
ground  and  is  than  rofLected  to  the  airborne  set.  The  difference 
in  length  of  the  tvo  paths  is  too  i  to  form  tvo  echo  pulses  on 
the  scope.  Th?  only  effect  is  that  the  aigial  strength  is  in¬ 
creased  or  decreased,  depending  on  idiethor  the  two  signals  are  in 
or  out  of  phase.  If  the  intensity  level  during  ground  station  cali¬ 
brating  and  the  mean  intensity  level  during  operations  are  radically 
different,  a  considerable  mean  error  in  measurement  may  be  experi¬ 
enced,  If  one  or  two  identifiable  points  of  known  position  are 
available  within  the  area  to  be  mapped,  this  and  other  types  of 
systematic  errors  can  be  eliminated  dtirlng  the  map  compilation  pro¬ 
cess.  Otherwise,  the  constant  portion  of  the  intensity  error  can 
only  be  removed  throu^  adjustment  of  an  associated  Shoran  triangu¬ 
lation  network,  provided  that  the  same  ground  station  calibration 
installation  is  used  for  both  the  photography  and  the  trlangulatlon . 
In  Sho:ran-controlled  photography  of  a  relatively  pmall  area,  for 
which  a  ccmplex  Shoran  triangulation  net  is  not  req.uired  and  is  not 
available,  the  constant  error  can  only  be  estimated  from  past  ex¬ 
perience.  The  Air  Force  unit  will  make  the  necessary  estimate  if 
requested.  Errors  caused  by  a  deviation  of  intensity  levels  from 
the  mean,  which  cannot  be  controlled  at  present,  must  be  expected. 
Such  errors  can  only  he  treated  as  random. 

Another  possible  source  of  error  is  in  the  synchroniza¬ 
tion  of  the  aerial  camera,  the  Shoran  recorder,  and  the  separate 
altimeter  recorder  that  is  used  In  most  mapping  operations-  The 
recorders,  as  presently  designed,  operate  at  the  end  of  the  inter- 
valometer  pul,ao,  whereas  the  aerial  cameras  operate  at  the  beginning 
of  the  pulse.  In  order  to  eliminate  this  time  lapse,  a  special  de¬ 
lay  circuit  is  placed  between  the  Intervalometer  and  the  recorder 
and  is  adjusted  until  proper  synchronization  is  obtalxied-  Very 
little  error  results  if  proper  precaution  is  observed.  However, 
since  each  aerial  camera-recorder  installation  must  be  individually 
calibrated.  It  is  lmport.an,t  bhat  this  adjustment  be  called  for  in 
the  specifications  for  photography.  Failure  to  obtain  good  expoexire 
synchronization  betwoen.  all  cameras  will,  introduce  serious  errors  in 
the  resulting  map. 

It  is  also  necossary  to  correct  for  an  error  which  results 
from  the  necessity  for  placing  the  airborne  receiving  and  tranamit- 
ting  antennas  at  different  locations.  The  correction  (designated 
C^)  is  eqixal  to  one -ha  If  the  distance  between  the  two  antennas; 
in  always  increases  the  Shoran  measurement ,  and  rarely  exceeds  .  001 
mile.  The  value  will  be  furnished  with  the  photograpiiy. 

6.  Velocity  Correction  to  Shoran  Distances.  The  airborne 
Shoran  set  is  an  accurate  time  measuring  instrument  with  mileage 
counters  so  calibrated  that  when  the  timing  oscillator  is  tuned  to 
95^1-09-5  cycles  per  second,  the  distance  to  each  ground  station  is 
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read  directly  In  ml  lea .  Thla  eall'bratlaa  nmat  assume  a  constant 
propagation  velocity  for  electrcsnagaetlc  waves.  However,  tlie  speed 
of  radio  waves  Is  dependent  upon  atznosi^erlc  conditions  and  actu¬ 
ally  varies  from  point  to  point  aloxjg  the  ray  path.  For  this  rea¬ 
son,  a  "velocity  correction"  must  ho  to  each  of  the  Shoran 
readings.  In  Shoran  trlangulatlon,  meteorological  conditions  are 
accurately  measured  at  the  time  of  operations  by  flying  a  weather 
observer  airplane  along  the  appieiimato  ray  path  from  the  Shoran 
airplane  to  each  ground  station.  By  recording  teo5>eratiire,  hfaaldlty, 
and  pressure  at  regular  Intervals  along  the  path,  true  wave  velocity 
can  be  computed  and  the  necessary  correct  lone  applied.  Ln  nounal 
photogrammetrlc  mapping  the  refinanent  of  weather  observations  at 
the  time  of  photography  is  not  required.  Sufficient  accuracy  is 
usually  attained  hy  basing  the  velocity  correction  on  average 
meteorological  conditions.  The  method  of  computing  these  correc¬ 
tions,  as  later  outlined.  Is  based  on  the  "N.A,C.A.  S^anda^d  Atmos¬ 
phere"  with  added  mean  U.  S.  annual  vapor  pressure  at  about  k0° 
latitude.  The  maximum  error  In  Shoran  distances  that  will  be  in- 
trodrused  by  deviation  of  atmospheric  conditions  at  any  particular 
time  from  that  represented  hy  the  "Standard  Moist  Atmosphere" 
amounts  to  only  about  1  part  in  20,000.  Errorf?  of  thla  magnitude 
are  ordinarily  Inslgilflcant  In  mapping  operations.  Greater  accu¬ 
racy  reqriirea  velocity  correction  determinations  by  an  experienced 
weather  officer  using  meteorological  data  observed  at  the  time  of 
photography.  These  values  are  obtainable  by  the  Air  Force  photo¬ 
graphic  unit  but,  if  such  refinement  Is  required,  they  must  be 
called  for  in  the  specifications  for  photography. 


7.  Reduction  to  Ground  Distance.  The  jEaioran,  distance  read¬ 
ing,  after  correction  for  caliljration  errors  and  for  variations  in 
the  velocity  of  propagation,  gives  true  distance  along  the  curved 
ray  path  between  the  airplane  and  the  ground  station.  In  order  to 
reduce  this  corrected  Shoran  distance  to  ground  distance  at  sea 
level,  further  corrections  must  be  applied.  These  correct ions  are 
necessary  because  of  the  geometric  relationship  between  the  curved 
earth,  the  altitudes  of  airborne  set  and  ground  station,  and  the 
curved  path  of  the  Shoran  ray.  The  basic  formula  for  the  computa¬ 
tion  of  the  ground  distance  is  as  follows; 


where 


M  ■  €Ra  arc  sin 


M  K  Ground  distance  in  miles 
Ra  ■  Mean  radius,  in  miles,  of  earth  along  the 
line  being  measured 

r  =  Mean  radius,  in  miles,  of  rihoran  ray  path 

3959  C  2  .95(Hi  4  Ki)  ] 


(1) 


26 


Sx  ■  Sh.oraa  roadiag,  in  mllsa^  corrected  for 
oall1)ratlon  errors  and  for  yarlatlona 
in  proportion  Telocity 
Ex  •  Hel^t^  in  miles,  of  airline  set  almre 
sea  IsTel 

Ex  "  Hel^t,  in  miles,  of  ground  station 
antenna  aboTs  sea  leTel 


Angular  values  In  the  previous  equation  are  expressed  in  radians. 
The  Ba  tern  varies  vlth  mean  latitude  and  azimuth  of  the  line  being 
measured  since  the  earth  la  a  spheroid. 


Another  form  of  this  eq.uatlon  is  obtained  by  mahing 
several  assumptions,  expanding  the  basic  equation  to  a  more  usable 
form,  and  then  correcting  the  resulting  value  by  the  use  of  charts 
or  tables.  Velocity  hM  calibration  coarectlons  can  then  be  added 
to  produce  eq.uatlQns  of  the  foUovlng  forms 


M  -  S  -  A 


(2) 

0.2l481<6  8^ 


-where  M  «  Ground  distance  in  miles 

8  ■  Xhicorrected  Shoran  dls-bance  reading  la.  miles 
A  *  Total  correction  to  Shoran  reading  in  miles 
E  «  Eelght  of  aircraft  in  feet 
E  a  Eel^t  of  ground  station  in  feet 
V  a  Shoran  velocity  correction  in  miles 
C  a  Total  electronic  calibration  constants  in  miles 
B  a  CorTections  for  the  varioius  assumptions  (-values 
from  tables  in  miles) 

Formula  (1)  or  formulas  (2)  and  (5)  will  gl-ve  equally 
good  results  but  -the  use  of  -the  lat-ter  two  -will  ordinarily  prove 
most  satlsfeictory  In  photograzonetric  map  compilation  -worh.  A  de¬ 
tailed  discussion  of  -the  solution  of  formulas  (2)  and  (3)  by  use 
of  computation  forms  and  -tables  Is  given  In  Chapter  Y . 

8.  Station  Anglee .  The  error  In  distance  from  -the  airplane 
to  el-ther  grcund!  s^^ieMon  la  dependent  upon  -the  accuracy  of  -the 
Shoran  systmu*  The  accuracy  of  position  -idilch  results  from  -the 
dis-tance  measurement  to  bo-th  ground  s-tatlons  Is  further  dependent 
upon  -the  horizontal  angle  Btd>tended  at  the  airplane  by  the  ground 
stations.  The  effect  of  "s-tation  angles"  on  position  acc-uracy  Is 


FIG.  2-11.  EFFECT  OF  aTATION  AIIGLE  VARIATION  ON  SHORAN 
POSITION  ACCURACY. 

illustrated  in  Fig.  2-11.  In  each  case,  point  1  is  the  ^In^e  posi¬ 
tion  and  point  2  represents  the  apparent  location  as  determined  hy 
Shoran  measurements,  all  of  which  are  assumed  to  he  in  error  by 
the  same  amount,  E.  If  both  distance  measurements  are  either  too 
long  or  too  short,  position  error  is  a  maximum  when  station  angles 
are  largo  and  it  is  a  minimum  when  station  angles  are  small. 

Where  distance  measurements  contain  errors  of  opposite  sigi,  posi¬ 
tion  errors  are  a  maximum  when  station  angles  are  small.  Since 
random  errors  in  the  Shoran  system  are  just  as  likely  to  be  plus 
as  they  are  minus,  the  strongest  position  determinations  occur 
with  station  angles  of  90°  and  the  greater  the  departure  therefrom 
the  greater  is  the  region  of  mcertainty. 

The  curves  of  Fig.  2-12  show  the  relationship  between 
station  angles  and  positicm  errors  in  terms  of  the  Shoran  distance 
error,  E.  For  example,  with  a  90°  station  angle  and  100-foot 
errors  in  the  Shoran  measurements,  the  resulting  position  is  In 
error  by  l.hl  times  100  or  11(^1  feet.  Had  the  station  angle  been 
120°  and  the  errors  In  both  measurements  been  of  like  slffis,  a 
position  error  of  2  times  100,  or  200  foot  would  result.  In  order 
to  exercise  some  control  over  the  magiltude  of  the  unavoidable 
error  present  In  locating  a  point  from  two  Shoran  measurements  It 
becomes  necessary  to  place  limits  on  the  station  angles.  An^es 
of  from  60°  to  120°  are  preswxtly  considered  desirable  for  loapplng 
photogra^diy.  Large  deviations  froo.  these  limits  shoiQd  be  per¬ 
mitted  only  after  consideration  of  the  possible  effect  on  map 
accuracy. 


TIG.  2-12.  CURVES  SHOMIEG  RELATION  BEJTWEBR  EKTATIGR  ANGLES 
AND  POSITION  ERROR. 


9.  Shoran -controlled  Photography.  Slhoran-controlled  photog¬ 
raphy  for  uae  in.  photofp:aiiin0tric  aiappl^  la  performed  In  the  noxnal 
manner  with  about  56  percent  forward  overlap  between  exposures  and 
fifteen  to  thirty  percent  lateral  overlap  between  flints.  Expo- 
e\tre  of  the  Shoran  recorder  at  the  Instant  of  each  aerial  exposure 
provides  the  data  necessary  for  computing  the  map  position  of  each 
exposure.  (A  separate  altimeter  recorder  Is  usually  employed  to 
provide  more  accvirate  values  of  flying  hel^t  than  those  obtain¬ 
able  from  the  Shoran  recorder  altimeter.)  Vhert  only  the  dlstazice 
between  groxind  stations  Is  loxown,  exposure  positions  relative  to 
the  gromd  stations  are  determined.  The  Infozmatlon  so  obtained 
permits  the  preparation  of  a  map,  but  since  absolute  position  Is 
unavailable,  latitude  and  longitude  cannot  be  shown.  However,  In 
the  more  usual  case  the  ground  stations  are  situated  at,  or  tied 
to,  first-  or  second -order  trlangulatlon  stations,  thus  pemlttlng 
the  preparation  of  the  map  complete  ylth  parallels  and  meridians. 

Random  errors  In  the  Shoran  extern  prohibit  absolute  re¬ 
liance  In  any  one  position.  Maximtsa  map  accuracy  depends  upon 
eceullng  groups  or  strips  of  photograxhs  to  the  beet ‘average  fit  of 
'the  corresponding  Shoran  positions.  For  example.  In  multiplex 
mapping  a  strip  of  abort  six  models  la  first  adjusted  as  a  unit  to 
obtain  correct  relative  orientation.  Next,  the  strip  Is  scaled  to 
the  best  mean  fit  of  w-il  Shoran  points  concerned.  Detailed  pro¬ 
cedures  necessary  In  the  application  of  Shoran  control  to  multiplex 
Mia  slotted  templet  mapping  methods  are  outlined  In  later  chapters. 


FIG.  2-13.  PRINCIPLE  OF  SHORAN  LINE  CROSSINGS. 
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Shoran  coordinates  represent  the  map  position  of  the  air¬ 
plane  at  the  Instant  the  aerial  negative  was  exposed.  Since  the 
corresponding  point  on  the  aerial  photograph  is  reprosented  hy  the 
plumh  pointy  It  is  extimely  important  to  have  a  Imowledge  of  photo 
tilts.  Use  of  the  photo  principal  points  instead  of  plisnb  points 
(vhlch  Implies  no  tilt)  may  introduce  considerahly  more  enOr  than 
is  Inherent  in  the  Shoran  positions.  In  areas  vhere  considerable 
identlfiahle  vertical  control  is  available  this  problem  is  not 
serious.  If  vertical  control  is  not  available  special  techniques 
for  recovering  camera  tilts  must  be  employed  in  order  to  obtain 
maxi  mum  map  accxxracy.  The  multiplex  solution  to  this  problem  re¬ 
quires  the  tise  of  additional  photographic  flints  at  ri^t  angLes 
to,  and  spaced  at  Intervals  of  about  each  six  exposures,  along  the 
regular  mapping  coverage. 

10.  Shoran  Line  Crossings .  Another  application  of  Shoran  is 
its  use  In  detarmini ng  d  1  atanfiR  between  two  ground  stations  by  a 
procedure  known  as  the  "line -crossing  method."  In  this  method,  the 
alrbome  set  is  flown  across  the  line  Joining  the  ground  stations. 
Since  the  Shoran  dials  continuously  read  the  distance  to  each  ground 
set ,  the  sm  of  the  distances  is  a  winiTnwm  when  the  airborne  station 
la  directly  over  the  line.  When  the  ground  distance  corresponding 
to  each  half  of  this  minimum  reading  has  been  computed,  the  sum  will 
be  the  reqtiired  geodetic  distance. 

the  airplane  .aches  the  line  to  be  measured  the  sum 
of  the  distances  to  the  ground  stations  continually  decreases  to  a 
minimum  at  the  actual  pol:.t  of  crossing,  and  then  again  increases 
as  the  plans  continues  on  its  course  •  If  the  sua  of  the  distances 
is  plotted  against  the  time  of  observation,  a  curve  of  the  type 
shown  in  Fig.  2-13  will  result.  The  minimum  point  of  the  curve  re¬ 
presents  the  true  Shoran  sum  distance  at  the  point  of  crossing. 
3>urlng  operations  the  necessary  data  are  collected  by  actuating  the 
Shoran  recorder  at  a  unlfoim  rate  of  one  exposure  every  two  to 
three  seconds.  Several  random  errors  in  the  Shoran  system,  includ¬ 
ing  the  inability  of  the  alrboroe  operator  to  maintain  pip  aline - 
ment,  may  cause  the  dial  readings  to  be  either  too  large  or  too 
fwna-ii  at  any  Instant.  To  minimize  these  errors,  the  sum  distances 
for  about  fifteen  readings  on  both  sides  of  the  crossings  are  fitted 
to  a  parabolic  curve  by  the  method  of  least  squares.  The  minimum 
point  of  the  resulting  curve  then  gives  the  most  probable  value  for 
minimum  Shoran  distance. 

If  ground  stations  are  situated  at  the  comers  of  appro¬ 
priate  figures  and  all  distances  measured  by  the  line  crossing 
method,  there  results  a  triangulation  arc  in  which  the  lengths  of 
all  sides  are  known.  To  gain  maximum  accuracy,  complete  meteoro¬ 
logical  data  am  obtained  at  the  time  of  operation  and  all  possible 
reflnaments  are  included  in  the  computational  and  calibration 
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piooodurea.  Lijoas  Tfuryliig  fraa.  tlftj  to  orer  five  kundrod  mllas  in 
length  nay  he  neasured.  Trlaogulatlim  of  Lov  second-order  accuracy 
la  presently  helng  obtained  and,  as  better  equlpnant  and  further 
experience  is  gained,  it  la  expected  that  first -order  euscuracy  will 
become  possible. 
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CHMT3ER  in 
OPgRAIICmAL  KAmiHG 

1.  Gqneral.  Tha  planning  and  axecutlon.  of  Shoran  operations 
la  a  rospona ibi lity  of  tlie  Air  Force.  It  Is,  however,  neceasary  to 
have  a  thorou^  understanding  of  some  of  the  pzoblaaa  in  order  to 
prepare  worlcahle  specifications.  Requirements  for  EBioran -controlled 
photography  may  he  separated  into  throe  general  headings s 

a.  Mapping  of  an  area  not  now  covered  with  sultahle  map¬ 
ping  photography, 

h.  Control  for  an  area  where  existing  photography  Is 
considered  adequate, 

c.  Positioning  of  targets  or  secondary  control  points. 

In  the  first  two  Instances  the  ultimate  objective  will 
normally  he  the  preparation  of  accurate  maps  at  scales  of  about 
1:50,000,  The  third  type  la  used  in  mapping  work  to  position  pic¬ 
ture  points  at  intervals  of  thirty  to  fifty  miles.  These  points 
then  hecome  the  control  for  small-scale  maps  that  are  to  he  pre¬ 
pared  from  eiistlng  vertical  or  tri-metrogon  photography. 

Use  of  Shor  an -controlled  photography  in  areas  not  pre¬ 
viously  covered  with  snitahlo  inapping  photography  will  he  the 
prohlean  moat  often  encountered  and  is  the  one  requiring  the  most 
detailed  planning.*'  It  will  also  he  found  that  ahsoluto  positions 
of  the  ground  stations  usually  will  he  required  in  order  that  the 
final  map  can  he  correctly  positioned  with  respect  to  a  known 
datimio  The  present  chapter  places  emphasis  on  this  more  general 
type  of  planning.  If  the  preparation  for  this  type  mission  is 
fully  understood,  little  trouble  will  he  encountered  in  planning 
other  kinds  of  Shoran  jhotogrammetric  operations. 

2,  Preparation  of  Work  Sheet.  As  in  all  aerial  photographic 
planniDg,  the  'best  available  small-scale  map  of  the  region  is  used 
as  a  work  sheet.  Strategic  maps  and  aeronautical  charts  at  scales 
of  1:500,000  or  1:1,000,000  serve  the  purpose  very  well,  althou^ 
other  scales  may  he  needed  in  individual  cases.  The  area  to  he 
photographed  is  firat  outlined  on  the  map.  Next,  all  existing 
first-  and  second -order  horizontal  control  hoth  within  and  sur¬ 
rounding  the  area  for  a  distance  of  100  to  200  miles  is  examined 
with  a  view  toward  the  selection  of  posslhle  ground  statlom  posi¬ 
tions.  Third -order  positions,  idiere  the  surveys  have  not  'beeni 
carried  fbr  long  distances  fr^  their  tie  to  hl^er  order  statlona, 
are  acceptable  hut  are  not  so  preferable  as  points  of  higher  accu¬ 
racy.  Althou^  the  Air  Force  unit  will  make  the  final  selection  of 
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ground,  positions^  Eoglneer  specifications  must  Indicate  the  desired 
approximate  locations  and^  If  possible,  should  Include  alternate 
selections. 

Existing  control  Is  given  first  consideration  In  the  se¬ 
lection  of  possible  ground  locations.  Where  It  proves  impractical 
to  locate  the  Shoran  stations  exactly  over  control  points,  they 
should  he  placed  so  as  to  reduce  to  a  TnlnlTTogn  the  amount  of  survey¬ 
ing  needed  to  estahllsh  the  positions  and  elevations.  Two  ground 
stations  will  normally  he  sufficient  unless  extensive  photographic 
coverage  is  req.uired.  They  must  ,  of  course,  he  selected  so  that 
the  photographic  airplane  will  always  ha  within  Shoran  range  of  hoth 
ground  stations,  and  every  effort  should  he  made  to  keep  station 
angles  throu^out  the  area  hetwB«a  the  limits  of  6o°  and  120°.  in 
ground  site  selection,  the  advantages  of  Shoran  fli^t  line  naviga¬ 
tion  also  should  he  considered.  Since  the  straight  line  indicator 
prohahly  will  he  used,  the  ’’base  line”  between  the  ground  stations 
should  roughly  parallel  the  desired  direction  of  fli^t.  If  arc 
navigation  is  to  he  employed,  an  effort  must  he  made  to  select 
ground  stations  so  as  to  give  the  most  effective  layout  of  flight 
lines.  In  this  respect,  it  is  well  to  avoid  stations  that  would 
introduce  very  short  flights  of  from  two  to  five  pictures  across 
the  corner  of  an  area.  Under  optimum  conditions  two  ground  stations 
will  permit  coverage  of  a  rectangular  area  of  about  9^200  square 
miles  on  each  side  of  the  base,  assuml33g  ground  stations  at  sea 
level  and  a  flying  hel^t  of  20,000  feet. 

The  use  of  ground  station  locations  that  irequlre  working 
near  the  extreme  range  of  the  equipment  may  somettmes  cause  trouble, 
since  the  signals  may  have  a  tendency  to  become  weak  and  fuzzy.  On 
the  other  hand,  Shoran  position  errors  caused  by  errors  in  the  de¬ 
termination  of  true  flying  height  and  ground  station  elevation  may 
became  serious  when  photography  is  accampllshed  closer  than  about 
50  miles  to  either  ground  station.  Internal  map  accuracy  will 
suffer  from  operations  too  near  the  ground  stations  unless  special 
precaution  is  taken  to  obtain  accurate  values  for  the  difference  in 
flying  hei^t  between  exposures.  For  this  reason,  it  Is  preferable 
to  select  ground  stations  so  that  no  part  of  the  area  to  be  mapped 
will  be  less  than  about  50  miles  from  either  station.  It  should 
also  bo  remambered  that,  other  things  being  equal,  the  nearer  sta¬ 
tion  angles  can  be  kept  to  90°  7  hho  greater  will  be  the  inherent 
accuracy  of  rroultlng  Shoran  positions. 

5,  Gecmetric  Considerations.  The  first  requirement  in  the 
selection  of  locations  for  ground  stations  is  that  the  entire  area 
be  within  Sioran  radio  lange.  This  is  determined  by  substitutions 
in  the  range  foimula  of  paragraph  4,  Chapter  II,  or  throu^  use  of 
the  nomogram  Ejjiown  in  Fig.  3-1,  In  preliminary  planning,  the  for¬ 
mula  may  be  simplified  to  the  fom: 
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FIG.  5-1.  HOMCXaiAM  FOB  DITPFFMIWiriG  MATIMGM  SHOBAN  BANGS 


H  =  1.56(  VS”  4  VS") 


ho 


vhere  R  =  Horizontal  range  In  mi  lee 

H  ■  Flying  hel^t  in  feet  above  general  ground 
level 

K  ■  Height  In  feet  of  ground  station  antenna 
above  genareLL  ground  level 

The  shaded  portion  of  Fig.  3-2  illustrates  the  possible  area  of 
operations  from  t^fo  ground  stations  (A  and  B)  \dioro  the  range  of 
the  equipment  is  the  sole  consideration.  If  ground  stations  are 
at  different  elevations,  it  is  necessary  to  compute  separate 
range  values  for  each  station. 


FIG.  5-2.  RANGE  LIMITATION  ON  SHORAN  COVERAGE  FROM  TWO 
(ffiOUND  STATIONS. 


The  work  sheet  is  also  used  to  determine  whether  or  not 
a  pair  of  ground  stations  will  satisfy  the  condition  that  station 
angles  be  maintained  between  60°  and  120°.  The  locus  of  points 
subtending  any  angle, oc,  between  two  stations  is  a  circle  passing 
throu^  two  stations  having  its  center  on  the  perpendicular  bi¬ 
sector  of  the  line  joining  the  stations,  and  having  a  radius  equal 
W 

to  w — 3 — where  W  is  the  distance  between  the  stations.  The 
2  slnoc^ 

shaded  portion  of  Fig.  3-3  shows  the  area  within  idilch  suitable 
station  angles  can  be  obtained.  The  radii  of  the  limiting  circles 
are  deteimlned  by  substituting  60°  and  120°  in  this  foimula;  a 
circle  representing  the  location  of  the  strongest  possible  station 
angles  can  be  obtained  by  substituting  90°. 
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FIG.  3-3-  AEEA.  coverage  AS  BETEUMIRED  BI  STATIOR  AECaJE 
LIMITATIONS. 

Where  the  area  to  he  photographed  Is  camparatlvely  small^ 
the  selection  of  ground  station  positions  usually  is  qui\>e  simple. 
Several  possible  combinations  of  station  locations  can  often  be 
spotted  after  a  quick  et\idy  of  the  existing  control  network. 

Bange  suitability  is  verified  by  comparing  distances  taken  from 
the  nomogram  with  distances  scaled  from  the  map.  In  the  station 
angle  test  positions  are,  of  course,  considered  in  pairs.  The 
^rea  comers  at  which  s^tlon  angles  will  be  a  x^lmum  and  ^maxi¬ 
mum  are  usually  determinable  by  inspection.  Angular  V8j.ue8  are 
then  computed  by  the  formula; 

SSpi 

where  and  M2  =  Distances  from  ground  stations 

V  s  Distance  between  ground  stations 

Here  again,  scaled  distances  are  nozmally  sufficient. 

4.  Positioning  of  Ground  Stations  for  Maximum  Area  Coverage. 
If  large  areas  are'  to  be  idiotograx^ed  and  several  ground  station 
sites  are  needed,  the  planning  becomes  somewhat  more  Involved.  In 
areas  with  little  or  no  existing  control,  provision  must  be  made 
for  tlelng  the  stations  together  either  by  ground  or  by  Shoran 
trlangulat ion .  Even  In  areas  >d>ere  existing  control  is  available 
the  distribution  of  points  will  not  usually  be  suitable  for  maxi- 
mum  efficiency  in  the  Shoran  photographic  operations.  Careful 


plmnlitg  tB  required  to  olytaln  the  proper  halaoce  hetweaD.  the 
anomt  of  trlangulatlon  and  lereltog  to  he  performed  and  the 
Ideal  ground  atatlon  layout.  ITormal  optical  trlangulatlon  Is  slof 
and  costly  and.  In  areas  >diere  existing  points  are  avallahle.  It 
stay  he  vise  to  siahe  these  points  serve .  Zovever,  poor  dlstrlhu- 
tlon  necessitates  the  use  of  more  groimd  station  sites,  and  this 
results  In  the  inconvenience  of  siovlng  the  ground  sq^lpment  frcm. 
station  to  station  as  the  photography  xnogresses.  More  Important 
than  this  Is  'Qie  fhct  that  sufficient  eg.ulxinsnt  and  persoimel  may 
not  he  avallahle  to  operate  more  than  a  fsv  stations  at  one  time. 
This,  in  turn,  limits  the  posslhle  area  coverage  on  the  rather 
rare  days  ^dien  photograidiy  Is  posslhle.  Conslderahle  time  Is 
saved  uhen  the  aircraft  have  a  large  area  In  iihlch  to  operate  wnd 
can  choose  edteznate  photographic  areas  'idien  scattered  clouds  In¬ 
terfere  vlth  original  plans.  The  tine  lost  hy  an  entire  mapping 
organization  In  valtlng  for  delivery  of  photography  may  he  far 
more  costly  In  the  long  run  than  the  s\xrveylng  required  to  obtain 
an  efficient  layout  of  ground  stations. 

The  limiting  effects  of  station  angles  and  range  on  areqi 
coverage  for  one  side  of  the  base  are  Illustrated  In  H.g. 

Positions  of  the  arcs  representing  the  limits  are  depend¬ 

ent  only  upon  the  distance  between  stations  and  upon  the  angle, 
while  the  Shoran  rajtge  from  given  stations  Is  dependent  only  upon 
flying  hel^t .  Above  certain  mlnlTimm  altitudes  and  with  a  given 
station  separation,  the  jSQioran  range  will  have  no  effect  upon  the 
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FIG.  IDEAL  RELATION  BETWEEN  (atOOND  STATKFf  SEPARATION 

AND  SHORIO?  RANGE  FOR  MAZIM114  AREA  COVERA(S. 


area  of  coverEige,  since  the  circle  representing  Tnlnimum  allowable 
angle  will  be  entirely  within  the  range  of  both  stationB.  In 
order  to  cover  a  maoclmum.  area  the  relation  between  these  variables 
should  be  as  shown  in  Fig.  5-5.  Here,  the  minimum  angle  arc  is 
tangent  to  the  maximum  range  arc.  Since  the  flying  height  is 
usually  determined  by  the  characteristics  of  the  desired  map,  and 
since  the  minimm  desirable  station  angle  has  been  set  at  60°,  it 
becomes  necessary  to  arrange  the  distance  between  ground  stations 
so  as  to  attain  maximum  coverage.  This  ideal  separation  of  the 
ground  stations  is  obtained  by  combining  the  range  and  station 
angle  formulas  as  follows; 


W  =  R  sin  oc 


or  for 


=  (1.56  since)  (  ) 

OC  a  60° 


W  =  .87R  =  1.2 


where 


W  =  Separation,  in  miles,  of  ground  stations  for 
maximum  area  coverage 
R  =  Shoran  range  in  miles 
oc  •  Minimum  allowable  station  angle 
H  =  Flying  height  in  feet  above  ground  level 
K  =  Height  in  feet  of  ground  station  antennas 
above  ground  level 


Tho  formula  assumes  'both  ground  stations  to  'be  at  the  same  hel^t^ 
E.  This  Introduces  no  serious  errors  in  preliminary  planning  un¬ 
less  there  is  a  conslderahle  difference  In  hel^^t.  It  ma7  also  he 
helpful  to  note  that,  under  these  conditions ,  the  formula  for  the 
distance  from  the  center  of  the  area  to  each  of  the  ground  stations 
la: 

M  ■  .64R  e  .83  (  f  y/fT  ) 

where  M  -  Distance,  In  miles,  frcaa  ground  stations  to 

area  center  for  TnaiiTman  covereiga 
B,  E,  8e  E  as  before 

Ihider  these  maximum  conditions  the  possible  area  of  coveraga  In 
sqriare  miles  for  one  side  of  the  base  Is  given  by  the  formula: 

A  a  a  .89(H  ♦  E)  ♦  1.78  v^r* 

where  A  a  Aioa  In  sq.uare  miles 

R,  H,  &  E  as  before 

The  entire  area  between  the  limiting  circles  meets  the 
geometric  requirements  fOr  Shoran -controlled  photography.  The 
shape  of  tho  area,  however,  is  such  that  part  of  it  will  not  ordi¬ 
narily  "be  used.  Eoimally,  tho  principal  interest  will  lie  with  the 
largest  rectangular  area  that  can  be  placed  within  the  circular 
limits.  Fig.  3-6  represents  such  a  rectangle.  Tho  various  re¬ 
lationships  are  as  follows: 

R  a  1.36(  s/S~  •  y/K'  ) 

W  a  .87R  =  1.2(  yfST  ♦  ) 

=  .70*^  ■  •98(  ) 

89  ■  .35®  ■  .H8(  ♦  yfK  ) 

A  •  .25r2  -  .h6(H  ♦  E)  ♦  .95  V^” 

where  •  Length,  In  miles,  of  side  parallel  to  base 

82  a  Length,  in  miles,  of  side  normal  to  base 

If  arc  navigation  is  to  be  used,  the  largest  possible  rectangular 
area  of  coverage  will  bo  as  Illustrated  in  Fig.  3-7*  Rectangular 
areas  (Flge.  3-6  and  3-7)  also  have  the  advantage  of  being  far 
enou^  frcm  the  ground  stations  to  introduce  no  serious  trorible 
from  the  inability  to  establish  exactly  the  true  photographic  fly¬ 
ing  hei^t. 


FIG.  5-6.  ARRANGEMENT  OF  SHORAN  GROUND  gTATIONS  YOR  MAXIMCM 
RBCTAITGULAE  AREA  OF  COVE3UGE  (ONE  SIDE  OF  BASE  LINE)  . 


FIG.  5-7.  LIMHATION  OF  MINIMIM  RADIUS  FOR  FLIGET  LINE  NAVI- 
GATICFI  (MI  MAXIMUM  RECTANGULAR  AREA  OF  COVERAGE. 
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Ground  station  arranoements  for  still  larGer  tracts  will 
depend  upon  the  size  and  shape  of  the  area  and  the  layout  of  exist 
ing  control.  In  such  instances,  an  effort  should  he  made  to  use 
the  areas  on  hoth  sides  of  the  hase.  FIg*  5-8  illustrates  an.  ex¬ 
cellent  arranGement  for  throe  pairs  of  stations.  With  this  ideal 
layout,  the  entire  state  of  Pennsylvania  could  he  covered  with 
Shoran -controlled  photography  from  about  20,000  feet.  The  host 
station  arrangement  for  any  larGe  area  will  ordinarily  he  an  ex¬ 
pansion  of  this  basic  6-point  solution. 


Ar«a$  I  and  l'  Covarad  by  Station*  A,  and  B, 

-  2  "  2'  “  “  "  Aj  "  Bj 

“  3  “  3'  "  "  *  A,  “  B, 


FIG.  3-8.  SHORAN  GROUND  STATICJN  LAYOOT  FOE  lARGE^AEEA 

COVERAGE. 

5.  Obstructions  to  Wave  Path.  Since  Shoran  waves  travel  in 
approximately  straif^t  lines,  hills  and  mountains  along  the  pro¬ 
posed  route  from  the  ground  stations  znay  Interfere  with  signal  re¬ 
ception  at  the  aircraft.  In  operations  at  nearly  maximum  range, 
the  wave  path  stays  very  close  to  the  ground  for  a  considerable 
distance  and,  when  the  ground  stations  are  above  sea  level,  the 
waves  may  even  travel  for  some  distance  at  elevations  lower  than 
those  of  the  stations  themselves.  Before  final  selection  of  a 
ground  station  position  it  may  be  necessary  to  determine  whether 
or  not  the  wave  path  will  clear  variozis  obstructions  at  critical 
points  along  the  proposed  route .  In  rugged  country  it  may  even  bo 
desirable  to  prepare  a  profile  between  the  ground  station  and  the 
aircraft  for  comparison  with  the  plotted  position  of  the  path. 

The  following  formula  is  used  to  find  the  elevation  of  path  at  any 
point: 


h  =  K  •  .  Ml  -  .55^i(M  -  Ml) 


li  >  Hel^t  la  feet  above  sea  level  of  path  at  a 
dletaace  from  grouad  statioa 
E  3  Height  la  feet  of  ground  station  antenna 
above  sea  level 

H  -  Eel^t  la  feet  of  aircraft  above  sea  level 
M  ■  Slstaace  la  miles  from  ground  statlcm  to  air¬ 
craft 

Distance  la  miles  frcm  ground  station  to 
obstruction 

Values  obtained  by  this  method  must  be  used  vlth  caution,  since 
the  formula  Is  only  an  approximation.  Various  phancmena  concern¬ 
ing  electromagnetic  vave  propagation  are  not  yet  fully  understood 
and,  therefore,  preclude  reliance  in  any  method  of  predicting  path 
height*  Values  from  the  formula  are  probably  conservative,  but 
they  should  be  accurate  to  within  about  t^OO  feet  la  elevation 
under  the  conditions  most  llhely  to  be  encountered. 

Another  case  that  may  often.be  encountered  is  Illustrated 
la  Vlg.  3'9*  Here,  the  ground  station  position  Is  fixed  as  a  re¬ 
sult  of  other  conslderatlans  and  an  obvious  obstruction  limits  the 
maxl.Tmim  range  to  a  smaller  value  than  would  be  glv^  by  the  formula 
of  paragraph  4,  Chapter  II.  It  may  still  be  desirable  to  know  how 
far  from  the  ground  station  the  aircraft  may  work  under  given  con¬ 
ditions  of  flying  hel^t .  This  answer  Is  given  by  solving  the 
previous  hel^t  of  path  formula  for  M  and  siibstltutlag  M  >  H. 


VLG.  3-9.  LDCCriHG  HETTCT  07  AN  QBaTHDCTION  ON  SHQBAN  MAXI¬ 
MUM  HANGS. 


i  11-85 


•  4 


-  ♦  1.85(H  -  t) 


vhora  h  ■  Select  In  faet  of  obstruction 

K  ■  Hel^t  In  feet  of  ground,  station  antenna  above 
sea  level 

H  -  Height  in  feet  of  aircraft  above  sea  level 
Ml  ■  Distance  in  miles  froEm.  ground  station  to 
obstruction 

B  s  Maximum  ranga  in  miles 


When  no  maps  are  available  from  vhich  to  obtain  the 
bei^t  of  the  obstruction  (h) ,  observations  of  vortical  angles  at 
the  ground  station  site  will  furnish  valuable  Infonnatlon.  The 
tangent  of  the  vortical  angle  then  can  bo  substituted  for  the 


term  in  order  to  solve  for  range. 


Under  these  conditions 


it  may  also  bo  necessary  to  use  an  estimated  value  for  Mi*  Care 
should  be  taken  to  use  the  tangent  as  a  negative  quantity  in  the 


event  that  the  observed  vortical  artgle  is  minus. 


6.  Final  Selection  of  Ground  Station  Sites.  A  tentative 
selection  of  ground  station  positions  kaving  the  required  geometric 
and  range  relationships  may  bo  made  from  the  work  sheet.  This 
study ^  however,  is  only  the  first  stop.  Air  Force  electronics 
specialists  must  make  a  further  analysis  to  assure  suitability  from 
the  standpoint  of  radio  reception.  Since  teirain  conditions  in  the 
Immediate  nel^borhood  of  the  ground  station  have  a  considerable 
effect  on  Shoran  transmission  characteristics,  an  on-the-spot  re- 
cannaissance  of  each  site  is  normally  required.  It  will  sometimes 
be  fovmd  that  terrain  conditions  are  much  more  suitable  at  soane 
spot  a  short  distance  from  a  control  point  than  they  are  rl^t  at 
the  marker  itself.  When  this  is  so,  the  survey  tie  between  marker 
and  antenna  is  usually  a  simple  operation  that  will  not  prohibit 
the  use  of  the  more  desirable  location. 


A  field  examination  of  the  various  possible  sites  is  also 
needed  to  evaluate  their  comparative  merits  as  to  accessibility. 

Saso  of  transportation  is  a  major  consideration  both  in  the  initial 
placement  of  equlpoaent  and  in  the  maintenance  of  adequate  supplies 
of  food,  water,  gasoline,  and  replacement  parts.  As  placement  and 
operation  of  ground  stations  is  an  Air  Force  responsibility,  loca¬ 
tions  at, or  near,  airfields  are  the  most  desirable.  Noxmally,  all 
equipment  is  flown  in  cargo  planes  to  the  nearest  airfield  and  it 
must  then  be  hauled  in  Jeeps  or  small  trucks  to  the  station  site. 
This  haul  by  surface  v^lcles  should  be  kept  to  a  minimum.  Exist¬ 
ing  trl angulation  points  are  often  located  on  hl^  ground,  and  for 
this  reason  they  may  be  very  desirable  from  the  standpoint  of  Shoran 
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range.  However,  this  saise  fact  nay  limit  the  facility  vl-Ui  ^Ich 
the  necessary  equipment  can  he  traxxsported  to  the  site.  Ground 
station  equipment,  together  with  radio  equipment  used  In  maintain¬ 
ing  oomnouJ-catlon  with  the  Shoran  aircraft  and  hase  of  operations, 
wsl^a  about  3,000  pounds.  Conslderahle  housekeeping  equlpaunt 
will,  also  he  needed  unless  the  site  is  located  near  a  town  or  a 
military  estahllshmant .  The  total  wei^t  of  all  equipment,  living 
facilities,  and  provisions  for  about  2  months  is  close  to  9,000 
poiinds.  In  an  emergency,  two  men  at  each  station  can  fumli^  In- 
teimlttent  Shoran  service,  hut  the  usual  ccmplement  is  five.  If 
guards  are  needed,  the  required  ccmiplement  will  he  still  greater. 
The  length  of  time  necessary  to  complete  the  lalsslon  at  a  station 
will  depend  upon  the  required  amount  of  jdiotography  and  upon  the 
frequency  with  which  good  photographic  days  occur.  If  an  extended 
stay  is  needed  and  if  the  transportation  route  is  difficult,  the 
supp].y  problem  may  hecome  serious. 

Consideration  also  should  he  given  to  the  facility  with 
which  communications  can  ho  maintained  with  headquarters  and  with 
sources  of  supply.  In  out-of-the-way  places,  the  communi  cat  Ions 
radios  must  servo  this  needj  therefore,  thou^t  must  he  given  to 
the  radio  transmission  characteristics  of  the  station  site.  The 
posslhility  of  obtaining  telephone  service  should  he  considered 
when  the  system  la  operated  in  populated  areas. 

7.  Preparation  of  Fll^t  Maps.  The  Air  Force  units  will 
normally  prepare  tlio  necessary  fll^t  maps  althou^,  where  special 
photography  is  needed,  such  maps  may  he  Included  as  part  of  the 
sped  float  ions  for  photography.  If  arc  navigation  Is  to  he  used, 
fll^t  paths  will ‘appear  els  arcs  about  one  of  "the  ground  stations. 
Strai^t.  lin.e  indicator  flints  will  rou^ily  parallel  the  Shoran 
hase.  Fll^t  maps  supplied  by  the  Corps  of  Engineers  will  he  on  a 
scale  suitable  for  showing  the  boundary  of  the  area  to  he  photo¬ 
graphed,  the  desired  fli^t  paths,  and  the  proposed  ground  station 
sites  .  While  these  maps  may  not  he  suitable  for  use  during  the 
actual  aerial  operations,  they  will  serve  as  a  basis  for  planning 
by  the  photographic  unit. 
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CHAPTER  17 
AERIAL  PHOTOGRAPHY 

1.  General.  The  photography  obtained  during  Shoran  opera¬ 
tions  must  meet  specifications  for  mapping  coverage .  In  all  cases 
tilt  and  crab  should  be  held  to  a  minimum,  and  forward  overlaps 
should  be  kept  within  the  range  of  fifty -three  to  sixty  percent. 
Calibration  of  the  camera  level  bubble  should  be  checked  regularly 
to  avoid  introducing  any  constant  tilt  into  the  photographic  strips. 
Hight  lines  naist  contain  a  minimum  of  six  exposures,  since  the 
mapping  procedures  require  that  the  photography  be  scaled  to  the 
best  mean  fit  of  several  positions.  When  any  part  of  a  flight  is 
rejected,  the  unacceptable  portion  must  be  covered  by  a  reflight 
which  overlaps  each  end  of  the  acceptable  portion  by  at  least  four 
exposures.  The  specified  lateral  overlap  between  parallel  flights 
should  be  large  enough  to  guard  against  gaps  in  the  coverage  and 
yet  not  unduly  increase  the  number  of  required  exposures.  Where 
visual  methods  of  flight  line  navigation  are  to  be  used,  a  side  lap 
of  twenty  to  thirty  percent  will  be  required,  although  the  use  of 
Shoran  navigation  should  reduce  this  requirement  to  about  fifteen 
or  twenty  percent.  In  addition,  if  the  terrain  is  characterized  by 
large  elevation  differences  and  if  a  6-inch  focal  length  camera  is 
to  be  used,  1  percent  should  be  added  to  the  specified  overlap  for 
each  1  percent  of  ground  elevation  difference  when  considered  as  a 
percentage  of  the  flying  height.  It  is  also  desirable  that  vertical 
deviations  of  the  airplane  be  held  to  an  absolute  minimum.  Shoran 
con^nitationa  are  greatly  simplified  by  assuming  a  constant  flying 
height  for  large  blocks  of  photographs,  but  this  can  be  done  only 
when  the  individual  exposures  are  within  about  t  100  feet  of  the 
mean. 


2.  Aerial  Cameras.  The  use  of  a  precision  aerial  camera  is 
an  Impoiiant  part  of  the  Shoran  operations.  Most  areas  to  be 
covered  by  this  work  will  contain  very  little  existing  control, 
either  vertical  or  horizontal.  Though  Shoran  furnishes  OTily  hori¬ 
zontal  positions,  the  final  map  accuracy  is  largely  dependent  upon 
the  ability  to  recover  photo  plmab  points  successfully.  Ibraquently, 
an  effort  will  also  be  made  to  show  contours  or  form  lines  on  the 
final  map.  For  these  reasons,  the  photography  may  have  to  be  used 
to  bridge  between  widely  separated  vertical  control  points  or  even 
to  establish  elevation  differences  from  a  knowledge  of  the  altimeter 
readings  appearing  on  the  recorder  film.  This  type  of  work  can  be 
accomplished  by  multiplex  methods  with  a  fair  degree  of  satisfac¬ 
tion  but  only  when  ein  accurately  adjusted  calibrated  camera  has 
been  used.  Where  a  photogrammetric  determination  of  flying  height 
must  be  made  for  use  in  the  reduction  computation,  a  knowledge  of 
the  exact  calibrated  focal  length  and  frame  dimensions  is  mandatory. 
The  Air  Fca:*ce  Type  T-5  or  T-U  cameras  are  ideally  suited  for  Shoran 
photography. 


5^ 


3.  Recorded  Infarmation.  The  data  appearing  on  the  recorder 
film  supply  a  large  part  of  the  information  used  in  congjuting  the 
Shoran  position  of  each  exposure  station.  In  order  for  this  infor¬ 
mation  to  he  of  value,  the  film  in  both  aerial  and  recorder  cameras 
must  have  been  exposed  at  the  same  instant  and  with  exposure  coun¬ 
ters  synchronized  for  proper  cross  reference.  Even  though  the  same 
intervalometer  operates  all  cameras  (Shoran  recorder,  altimeter  re¬ 
corder,  and  aerial  camera),  undesirable  design  features  of  the  pres¬ 
ent  equipment  vould  cause  the  recording  film  to  be  exposed  at  some 
constant  time  inteirval  later  than  that  of  the  aerial  camera  were  it 
not  for  the  use  of  a  delay  circuit  between  the  recorder  and  the  in¬ 
tervalometer.  The  amount  of  time  delay  necessary  varies  with  differ¬ 
ent  camera -recorder -intei*valome  ter  coaiinations  and,  therefore,  re¬ 
quires  the  calibration  and  adjustment  of  each  installation.  It  is 
important  that  this  adjustment  be  called  for  in  the  specifications 
for  photography.  Sometimes  the  counters  may  fall  to  operate  proper¬ 
ly  and  cause  different  numbers  to  register  on  simultaneous  exposures 
from  different  recorders .  If  this  occurs,  recourse  must  be  made  to 
an  examination  of  the  time  Indicated  on  the  navigation  watches  that 
appear  in  all  exposures. 

The  mechanical  linkage  between  the  timing  unit  and  the  re¬ 
corder  occasionally  produces  an  even  10-  or  100-mile  error  in  one 
of  the  recorder  distance  readings.  Any  such  errors  usually  are 
introduced  before  the  start  of  a  mission  and  remain  constant  through¬ 
out  all  exposures.  To  guard  against  map  errors  from  this  source, 
the  photographic  specifications  should  call  for  a  tabulation  of  the 
distances  indicated  on  the  timing  unit  at  the  instant  of  one  expo- 
sm*e  near  the  beginning  and  another  near  the  end  of  each  mission. 

A  later  comparison  of  these  manual  readings  with  the  recorded  dis¬ 
tances  will  indicate  immediately  whether  a  constant  connection  must 
be  made. 

The  recorders  are  designed  for  use  either  with  photography 
or  i.n  the  gathering  of  data  for  Shoran  triangulation.  The  infctrmaT 
tion  actually  used  in  photogrammetric  mapping  is  obtained  from  the 
distance  counters,  the  exposure  counter,  the  altimeter,  and  the 
data  card.  Bach  Shoran  recording  also  shows  a  clock,  a  thermometer, 
and  a  compass  giving  the  heading  of  the  aircraft,  for  use  primarily 
in  the  line -crossing  operations.  Recorders  being  developed  will 
provld.e  the  following  additional  information: 

a.  Biror  meter, 

b.  Tilt  indicator. 

c.  Differential  altitude. 


d.  Radio  altimeter. 


e.  Air  speed  Indicator. 

f .  Psychrometer  readings . 
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The  error  meter  will  fttmish  Information  concerning  pip  allnement 
at  the  liistent  of  each  exposure  and  thus  will  permit  corrections  to 
the  Shoraa  positions  that  will  undouhtedly  result  in  Improved  acou- 
reicy.  If  a  tilt  indicator  with  sufficient  accuracy  can  he  developed, 
it  will  nrovlde  a  simple  method  of  recovering  photo  plumh  points 
without  recourse  to  ground  elevations.  A  knowledge  of  differential 
altituld  iu;(l  of  radio  altimeter  readings  may  he  of  value  in  bridg¬ 
ing  or  extendir.g  vertical  control.  The  remaining  additional  read¬ 
ings  are  being  included  to  supply  meteorological  data  for  use  under 
conditions  in  which  the  utmost  acctiracy  is  reauired.  Since  an  al¬ 
ternate  selection  of  recorders  may  he  available  to  the  photograi»hlc 
unit,  it  is  advisable  to  state  requirements  in  the  photographic 
spec i f i cat 1 one . 

ho  Special  Flight  Plans  for  Use  In  Areas  of  Limited  Vertical 
C  ontrol .  Since  ^oran  positions  are  effective  at  the  photo  plumb 
points,  errors  in  tilt  determination  are  reflected  directly  as 
errors  in  horizontal  position.  The  following  table  lists  the  plumb 
point  displacement  Introduced  by  tilt  errors  for  photography  from, 
various  flying  helots. 

Plumb  Point  Displacement  at  Various  Flying  Heights 


flit  5,000  Ft  10, boo  Ft  '^0,000  Ft  50,000  H 

Error _ (ft) _ (ft) _  (ft) _ (ft) 


0*^  05’ 

7 

15 

29 

44 

0°  10’ 

15 

29 

58 

87 

0°  50’ 

44 

87 

175 

262 

1°  00' 

87 

174 

549 

524 

20  00’ 

175 

549 

698 

1048 

5°  00’ 

262 

524 

.1048 

1572 

A  study  of  this  table  Indicates  the  large  emphasis  that  must  be 
pDnced  on  the  problem  of  tilt  deteimlnation.  During  the  photographic 
operation  every  effort  must  be  made  to  keep  the  aerial  camera  as 
near  level  as  possible,  especially  in  areas  where  the  available 
vertical  control  is  insufficient  to  permit  recovery  of  the  plumb 
points  on  a  large  percentage  of  the  photographs, 

< 

In  order  to  eliminate  these  tilt  errors  as  nearly  as  possi¬ 
ble,  a  unique  procedure  requiring  special  photography  is  used  for 
mtJtiplex  mapping  of  areas  with  scanty  vertical  control.  Fig.  4-1 
Illustrates  the  necessary  layout  of  fli^t  lines  for  an  area  coverage 
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mission.  The  terrain  is  first  photographed  in  the  normal  manner 
with  overlapping  photos,  parallel  fll^t  lines,  and  with  Shoran 
recordings  obtained  for  each  exposure.  The  necessary  additional 
photography  consists  of  cross  flights  at  Intervals  of  about  each 
six  exposures  along  the  parallel  coverage.  Cross  fli^t  photogra¬ 
phy  should  contain  the  usual  fifty-three  to  sixty  percent  overlap, 
and  should  bo  tahaa  from  approximately  the  same  hei^t  as  the  regu¬ 
lar  coverage.  Since  flying  hol^t  differences  are  used  in  the  de- 
temlnatlon  of  tilts,  it  is  necessary  that  the  use  of  an  accurate, 
well-adjusted  altimeter  be  specified  when  this  type  of  photography 
la  req.uoeted. 

The  manner  in  \dilch  this  special  flight  plan  servos  to 
provide  multiplex  model  orientation  can  be  explained  by  reference 
to  Fig.  4-2.  The  two  auxiliary  flights  (1  and  2)  are  first  used  to 
obtain  lines  of  correct  relative  elevations  at  each  end  of  fli^t  5, 
and  at  rl^t  angles  to  it.  Flig^it  3  then  is  oriented  in  the  direc¬ 
tion  of  fll^t  by  use  of  altimeter  ladings,  and  in  the  tilt  (T) 
direction  by  reference  to  the  lines  of  relative  elevations  that 
wore  ostabliahod  from  the  cross  flints.  Auxiliary  flints  must 
always  contain  a  minimum  of  six  expos  vires  and  should  preferably 
extend  at  least  three  exposures  beyond  the  center  line  of  any  flight 
with  which  they  are  to  be  used. 

Fli^t  plana  for  other  typos  of  photogrammotric  missions 
(control  point,  cross  flight  photography,  and  the  like)  in  areas 
with  little  or  no  vertical  control  are  developed  in  the  same  general 
way.  All  are  based  on  the  fact  that  q.uite  reliable  values  for  the 
tilt  components  in  the  direction  of  fli^t  can  be  recovered  if 
values  of  flying  hei^t  differences  are  known.  This,  in  turn,  per¬ 
mits  lines  of  relative  elevations  to  be  established  along  the  strip 
center  lines. 

5.  Control  Point  Photography.  The  fll^t  plan  for  control 
point  photography  is  shown  in  Fig.  4-3.  Tilt  recovery  is  facili¬ 
tated  by  the  fll^t  line  arrangement.  The  use  of  two  stripe  also 
permits  a  check  on  the  resulting  control  point  position.  Each 
fli^t  must  have  the  normal  overlap  of  from  fifty -throe  to  sixty 
percent  between  photographs  and  must  extend  at  least  three  exposures 
on  each  side  of  the  point  of  Intersection.  The  angle  between 
flints  is  not  critical  and  deviations  of  as  much  as  25°  from  the 
optimum  90°  can  be  tolerated.  Since  camera  orientation  probably 
will  not  be  recovered  perfectly,  increases  in  flying  height  will 
increase  the  position  error.  The  magaltude  of  such  errors,  how¬ 
ever,  usually  will  be  of  very  little  consequence  in  the  type  of 
work  for  which  control  point  photography  is  suited. 

Sometimes  the  exact  feature  to  be  pin-pointed  is  covered 
in  the  specifications  but  frequently  only  the  general  area  is 


I,  2, 3,4 ,9, 6  R«pr«ttnt  t  of  ragular  Shoron  controllad  mopping  fllghti. 
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FIG.  J;-3.  FLIGHT  PLAN  FOR  CC5NTROL  POINT  PHCTOGRAPHY. 

designated  and  the  detail  point  is  selected  during  a  short  alr- 
home  reconnaissance  jxist  prior  to  obtaining  the  photography. 
Readily  Identifiable  points  such  as  stream  intersections,  pecul¬ 
iarly  shaped  lakes,  and  the  like  mvist  be  chosen  so  as  to  permit 
^asy  recovery  on  both  the  Shoran  and  the  basic  mapp^g  coverage. 
Flints  are  then  arranged  so  as  to  bring  the  detail  point  close 
to  the  intersection  of  the  two  center  lines.  The  density  with 
which  control  points  are  needed  depends  somewhat  upon  the  map 
accuracy  requirements  althou£^  a  spacing  of  lees  than  about  every 
50  miles  is  seldom  warranted.  Where  greater  map  accuracy  is  re¬ 
quired  from  the  basic  coverage  and  a  closer  spacing  of  points 
would  noimally  be  indicated,  Shoran-controlled  cross  flight  photog¬ 
raphy  will  be  found  to  bo  the  more  satisfactory  solution. 

6.  Shoran  Cross  Fli^t  Photography.  It  may  occasionally  be 
desirable  to  use  Shoran  in  controlling  areas  for  which  existing 
^controlled  vertical  photography  is  available.  In  these  Instances, 
the  Shoran  photography  will  be  flown  in  Strips  noimal  to  the  exist¬ 
ing  coverage  and  spaced  at  Intervals  of  about  each  six  exposures 
along  it.  To  be  of  value,  the  Shoran  flints  at  each  end  of  the 
area  must  be  positioned  far  enou^  inside  the  boundaries  of  the 
existing  coverage  to  assure  stereoscopic  recovery  of  the  pass 
points  that  will  be  selected  for  control.  It  is  also  important 
that  forward  overlaps  in  the  cross  flints  be  between  fifty-three 
and  sixty  percent.  If  multiplex  compilation  methods  are  contem¬ 
plated  and  if  insufficient  orientation  data  are  vallable , 
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- R«pras«nls  1  of  axUtinp  uncontrollad  varticol  oariol  photography. 

Flight!  I,  2,3  Rapraiant  t  of  Shoron  controllad  varticol  photography  uaad  In  aitobllahlng 
horizontal  positions. 

Flights  4,5  Raprssant  1  of  ouxlllory  Shoron  photography  for  usa  in  astobllshing  obsoluta 
oriantotlon  of  basic  Shoron  flights  1,2,3. 


FIG.  4-H.  FLKBT  PLAN  FOR  USE  IN  APPLYING  SHORAN  TO  AREAS 
WHERE  UNCONTROLLED  PHOTOCmPHY  IS  AVAILABLE  AND  WHERE 
VERTICAL  CONTROL  IS  LIMITED. 
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auxiliary  fUe^ts  at  rl^t  angles  to  the  haslc  Shoran  fll£$ita 
(parallel  to  the  uncontrolled  flints)  will  he  required  to  estahllah 
orientation.  Jig.  h-h  lHustrates  the  proper  layout  of  such  a  plan. 
While  the  auxiliary  flints  must  he  unhro]cen  for  about  three  expo¬ 
sures  on  each  side  of  the  haslc  control  flints  (1,  2.,  and  3  of  Jig. 
4-4)  It  Is  not  necessary  that  they  he  cantlnuous  throu^^out  their 
entire  length.  The  auxiliaries  will  not  he  needed  at  all  If  suffi¬ 
cient  vertical  control  Is  available  or  If  the  existing  jhotograxhy 
Is  accompanied  with  good  altimeter  readings  which  will  peimit  tilt 
recovery  at  ri^t  angles  to  the  control  flints.  Shoran  cross 
fli^t  photography  should  ho  used  only  with  uncontrolled  photograidiy 
which  meets  specifications  for  good  mapping  coverage.  It  is  espe¬ 
cially  iD^ortant  that  the  existing  flints  ho  free  of  hrealcs  that 
would  prohibit  bridging  between  the  control  stripe. 

7.  Requests  for  Velocity  Corrections.  Vfhero  a  very  hl^  de¬ 
gree  of  accuracy  In  positioning  the  pkotography  with  respect  to 
Shoran  ground  stations  is  required,  velocity  corrections  as  computed 
from  meteorological  conditions  at  the  time  of  operations  must  he  re¬ 
quested  in  the  specifications  for  photography.  Velocity  tables  In¬ 
cluded  In  this  manual  list  the  necessary  corrections  as  based  on 
"average"  conditions  In  the  IBilted  States  at  about  40°  latitude, 
Blstance  errors  Introduced  by  use  of  these  tables  will  amount  to  no 
more  than  about  1  part  In  20,000  for  Shoran  missions  anywhere  in 
this  country,  even  with  maximum  deviation  from  an  average  atmos¬ 
phere.  When  Shoran  is  being  used  in  other  parts  of  the  world.  It 
may  be  necessary  to  consider  those  errors.  Consultation  with  Air 
Jorce  meteorologists  usually  will  reveal  the  posaible  effects  on 
distance  measurements  at  the  time  and  place  of  the  proposed  oper¬ 
ations.  Since  several  methods  for  observing  atmospheric  conditions 
are  available  to  the  photographic  units,  only  the  accuracy  required 
in  the  velocity  corrections  should  bo  stated  In  the  photographic 
specifications . 

8.  Installation  of  Aerial  Camera.  If  the  aerial  camera  is 
located  in  the  aircraft  at  any  position  other  than  half-way  between 
the  Shoran  antennas,  an  otherwise  uimecessary  correction  must  be 
applied  during  later  position  computations.  The  required  correction 
Is  equal  to  the  displacement  of  the  camera  from  the  mid-point  and  It 
must  be  applied  in  a  direction  that  Is  dependent  vq>on  the  heading 
of  the  aircraft  at  the  instant  of  each  exposure.  Requests  for 
photography  should  stress  the  need  for  camera  Installation  within 

at  least  a  foot  or  two  of  the  optimum  position,  if  at  all  possible. 

9.  Specifications  for  Photography.  The  specifications  for 
Shoran  photographic  operations  are  best  worked  out  in  cooperation 
with  the  Air  Jorce  unit  which  is  to  do  the  flying.  Ccxmplete  coordi¬ 
nation  by  means  of  constant  liaison  Is  inquired  to  assure  maximum 
utilization  of  the  control  data.  Requests  for  ihotography  should 
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Includjo  the  following  Infoznatlcm  (as  req^ulrsmants  ccziceniing 
aerial  photography  will  vary  with  the  mission  at  hand^  the  list  Is 
not  necessarily  complete  In  this  respect)  <>  Kotes  In  the  margin  re¬ 
fer  to  chapter  and  paragraph  nimiberB  where  detailed  discussions  may 
he  found, 

a.  An  outline  of  the  area  to  he  x^otographed 
on  the  host  availahle  map.  In  triplicate. 

h.  Type  of  mapping  camera  to  he  used.  17-2 

c.  Required  photo  scale  or  flying  hel^t,  17-1 

with  aiiowahle  tolerance. 

d„  Required  forward  and  side  overlap.  17-1 

e.  Maxlmim  aiiowahle  tilt  and  crah.  17  -  !<• 

f .  Aerial  and  recorder  film  required. 

g.  Number  and  kind  of  prints  desired. 

h.  Period  during  which  work  is  to  he 

performed . 


1.  An  Indication  of  existing  ground  control  III  -  2 
and  desired  sites  for  Shoran  ground  stations. 

Accuracy  required  In  locating  and  III  -  2 

referencing  Shoran  ground  control  stations. 

k.  Whether  or  not  base  line  length  is  to  he  1-8 

estahliahed  by  the  Shoran  line -crossing  method. 

l. .  Requirement  for  synchronizing  exposures  II  -  5 

of  aJI  aerial  and  recording  cameras. 

m„  Requirement  for  Installing  aerial  camera  17-8 


relative  to  transmitting  and  leceiving  antennas  so  that 
no  error  results,  or  for  supplying  a  correction  factor. 

n.  Request  for  the  following  datas 

(1.)  A  statement  as  to  which  ground  eta-  II  -  3 
tion  each  of  the  mileage  counters  refer. 

(2)  Delay  of  each  ground  station  (Gr^)  .  II  -  5 

(3)  Airborne  timing  oscillator 
frequency  (F)  . 


II  -  5 


II  -  5 


(4)  AirlK}£Qs  zero  readings  (Bjr)  e*  start 
of  each  mission  or  \dien  operators  ax^  changs^  n  xrlng 
a  mission. 


(5)  Chart  or  table  of  veloclt7  correc¬ 
tions  (7),  if  applicable. 


(6)  Chart  or  table  of  timing  non-  II  -  5 

linearity  corrections  (C^i)  . 

(T)  Corrections  for  separation  of  air-  II  -  5 

borne  tranemlttlng  and  receiving  antennas  (CAi). 

(8)  Manual  leading  of  distance  counters  17-3 
at  Instant  of  one  exposure  near  the  beginning  and 

the  end  of  each  mission. 

(9)  Correction  for  installation  of  17-8 

aerial  camera  (S) ,  if  applicable. 

(10)  Infoimation  needed  for  correlating  17-3 

aerial  and  recording  camera  exposure  nutnbers. 

(11)  True  flying  helg^its  (B)  ,  if  71-1 

applicable . 


(12)  A  Shoxsn  operational  log  reporting 
operational  details  of  the  camera^  recorders  ^  and 
airborne  Shoran  set. 

(13)  Exact  aerial  camera  focal  length  17-2 

and  frame  dimensions  between  opposite  fiducial  marks. 

o.  Any  other  facts  pertinent  to  mission. 

A  lledson  officer  from  the  Corps  of  Engineers  should  be 
available  to  the  Air  Force  organization  to  follow  the  progress  of 
the  aerial  photography  and  to  explain  the  photographic  requirements 
to  the  Air  Force  unit,  if  necessary.  A  liaison  officer  from  the 
Air  Force  organization  accompli ahing  the  photography  should  be 
available  to  the  topographic  unit  from  the  delivery  of  the  film 
throuf^  the  planlmetrlc  compilation  stags  to  explain  Shoran  data 
and  photography,  if  necessary. 

A  typical  sot  of  specifications  for  Shoran-controlled 
area  coverage  photography  is  included  In  Appendix  B .  It  represents 
the  type  of  wtnrk  that  can  bo  req^leetod  under  peacetime  conditions. 
In  areas  Mhsre  adequate  ground  sites  are  available,  and  where  opti¬ 
mum  operating  efficiency  can  be  maintained. 
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10.  Indexing.  Proper  indexing  of  th.e  aerial  and  Shoran  re¬ 
corder  film  is  exti*emely  important.  The  information  appearing  on 
tlie  data  cards  of  both  the  mapping  the  recorder  cameras  miuit  be 
sufficiently  detailed  to  permit  positive  cross  reference,  and  any 
data  noted  by  the  cameraman  and  the  Shoran  operator  sho\ild  be  kept 
with  the  film  as  an  aid  to  later  mapping  operations.  After  the 
negatives  have  been  processed,  much  of  the  information  gathered  by 
the  cameraman  is  Inhed  upon  each  end  of  the  film  rolls  by  the  Air 
Force  photographic  laboratory  as  a  permanent  record.  Details  of 
these  film  titles  are  prescribed  in  IM  21-25  and  in  Air  Force  regu¬ 
lations  .  As  a  safeguard  against  separation,  the  lacorder 

film  should  be  wrapped  around  its  corresponding  asrial  film  roll 
so  lhat  both  will  be  filed  in  the  same  container. 

Upon  receipt  of  the  quick  prints  by  the  Engineer  topogra¬ 
phic  unit,  an  index  of  the  aerial  photography  is  prepared.  This  is 
best  prepared  by  assembling  a  rou^  shingle  mosaic  with  prints 
trimmed  to  imago  edge  on  three  sides  but  maintaining  the  recorded 
data  wnere  a  T-5  or  similar  camera  was  used.  In  area  coverage  mis¬ 
sions  with  auxiliary  cross  flints,  it  is  better  to  indicate  the 
approximate  centers  of  the  cross  fll^t  prints  by  prominent  circles 
oi*  crosses  since  th®  use  of  the  actual  photographs  would  confuse  or 
cover  information  needed  later  iif  the  map  compilation  stage .  Large , 
easily  read  numbers  are  placed  on  each  print,  the  appropriate  title 
information  is  placed  adjacent  to  the  assembly,  and  the  entire  index 
is  photographically  reduced  to  a  convenient  size.  Prints  made  from 
the  negative  will  serve  for  practically  any  pxirpose.  Latitude  and 
longitude  lines  are  usually  drawn  on  some  of  the  prints  after  the 
coordinates  of  a  few  well -placed  photographs  have  been  computed. 
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CHAFfEB  Y 
ccMPCTATigra 

Gg^oral»  Mapping  vlth  Shoran -controlled  aairlal  pkotog- 
raphy  reqxdroB  a  naaber  of  computational  steps  in  tlie  conversion 
from,  ‘basic  distance  readings  to  usable  map  coordinates.  Printed 
forms  are  provided  to  Insure  efficiency  and  ccjeasistency  of  metkod. 
Mileage  counter  readings  are  first  corrected  fbr  Instrument  cali¬ 
bration  errors  and  then,  reduced  to  geodetic  dlstemces  throu^  the 
use  of  ground  station  elevations  and  the  'best  available  value  for 
aircraft  flying  hei^t.  Next,  the  reduced  distances,  together  vith 
the  length  of  the  Shoran  base  line,  are  used  In  computing  the  posi¬ 
tion  of  each  Shoran  point.  In  the  usual  case  uhere  positions  of 
grovnd  stations  are  Imovn,  coordinates  of  each  point  are  computed 
on  +116  standard  Universal  Transverse  Mercator  grid.  However,  this 
chaptei  also  includes  an  explanation  of  the  special  Shoran  grid  for 
use  in  areas  \diere  the  absolute  location  of  the  ground  sites 
not  been  ostabllshed. 

The  various  computation  fomns  covered  in  this  chapter,  to¬ 
gether  with  a  short  explanation  of  the  way  in  which  each  one  fits 
into  the  Shoran  mapping  procedure,  are  as  follows s 

Shoran 


fom  Ko, 

Title 

Use 

1 

Inverse  Computation, 
UEM  Grid 

Establishes  length  of  Shoran 
base  line  between  points  of 
Imovn  coordinates. 

2 

Shoran  Beductlon 
Correction,  C-j^ 

Provides  major  correction  in 
reducing  from  Shoran  readings 
to  geodetic  distances. 

3 

Shoran  Seduction 

Con^letes  the  reduction  to 
geodetic  distance. 

Computation  of 
Coefficients 

Master  sheet  for  use  with  Fozm 

3.  (Only  one  computation  needed 
for  each  pair  of  Shoran  ground 
stations .) 

5 

UIM  Position  from 
Beduced  Shoran 
distances 

Provides  UM  coordinates  for 
plotting  of  Shoran  points. 

6 

Shoran  Grid 

C  oordinates 

Provides  coordinates  for  plot¬ 
ting  on  Shoran  grid. 
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Shoran 

foim  lo.  Title  Use 

AMS  Poia  IbilTeraal  Transverse  Converta  froaii  geograihlc  to  TO! 
Ho.  3-13^  Mercator  Grid.  CoordJ.-  grid,  coordinates. 

nates 

AMB  roim  Geographic  Coordl-  ConTorts  ficm  HIM  to  geographic 

Ho.  3-l4l  nates  from  HEM  Grid.  coordinates. 

Coordinates 

The  conversions  hetveen  HIM  and.  geographic  position^  idiich  are  per- 
fonned.  on  standard.  Amy  Map  Sezrlce  foine^  are  not  peculiar  to 
Shoran  napping  hut  an  explanation  of  their  solutions  nay  not^  as 
yet  f  ho  readily  available  in  other  pid>llcatlons .  The  last  para¬ 
graph  of  this  chapter  covers  the  conpatatlons  involved  In  a 

geographic  graticule  to  naps  that  wore  originally  cosaplled  cm  the 
Shoran  grid.  This  necessity  nlg^t  arise  if  Shoran  ground  stations 
were  tied  Into  a  trlangulatlon  networh  at  some  tins  after  napping 
operations  were  begun.  A  supply  of  printed  forms  will  not  ho  needed 
in  this  latter  case  hecause  of  the  infrequency  with  which  solutions 
are  required. 

Computations  should  ho  performed  hy  the  methods  presented 
heroin.  Pom  Ho.  5  Is  self -chocicing  j  all  other  work  must  ho 
thoroughly  checked  to  avoid  possible  tine -consuming  delays  In  later 
steps  of  map  compilation.  Althou^  each  form  is  strai^tfqrward, 
the  Illustrated  examples  should  he  followed  until  proficiency  Is 
gained.  Work  la  designed  for  solution  on  calculating  machines  hav¬ 
ing  8-  or  10 -digit  keyboards  and,  vhsrQ  trigonometric  functions  are 
requlmd,  7-placo  natmral  tables  may  he  used.  Tables  peculiar  to 
Shoran  computations  and  those  not  readily  available  to  topographic 
xmlts  are  included  in  Appendix  C.  All  other  tables.  Including  those 
required  for  HEM  grid  computations,  can  be  obtained  from  the  Amy 
Map  Service.  Bequests  for  these  data  must  Include  a  designation  as 
to  the  reference  spheroid  for  which  tabulations  are  desired. 

2.  Inverse  Computation.  The  first  step  In  the  computations 
will  bo  to  detemlne  accurately  the  distance  between  the  two  Shoran 
ground  stations.  This  distance  Is  obtained  by  itiamifl  of  the  inverse 
or  hack  computation  If  the  horizontal  position  of  each  ground  sta¬ 
tion  is  known.  Where  the  ground  antennae  were  placed  eiEUstly  over 
trlangulatlon  stations,  the  coordinates  may  be  taken  from  existing 
trig  lists.  Otherwise,  positions  must  be  deteimlned  from  survey 
notes  supplied  by  the  photographic  unit.  The  reqxilred  distance 
computation  is  perfomed  on  Shoran  Fom  1,  Inverse  Compirtatlon, 
Tbaiversal  Transverse  Mercator  Grid  (Fig.  5-1) ,  and  althou^  the 
fom  Is  self-explanatory,  the  following  points  will  prove  helpfuls 
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(1)  The  vofi^ensnoat  ground  station  Is  alva^rs  desig¬ 
nated  Station,  A» 

(2)  Subscript  AB  denotes  -Uie  mid-point  of  the  line 

AB. 

(5)  H  and  E  fiaslgiate  northing  and  easting  coordi¬ 
nates  on  the  HIM  grid,  is  the  northing  of  point  Aj  %  is 
the  easting  of  point  and  the  lilce. 

(t)  Values  of  the  quantity,  2V1II,  are  obtained 
from.  Amy  Map  Service  technical  manuals,  TEM  Grid  Tables  for 
Latitude  O^-SO^.  They  are  dependent  upon  the  northing  of  the 
point  end  the  spheroid  to  uhlch  the  published  map  is  to  be  re¬ 
ferred  , 


VThen  the  horizontal  positions  of  the  ground  atatl.ons  are 
given  as  geographic  coordinates,  they  must  be  converted  to  UEM  co¬ 
ordinates  before  making  the  inverse  ccanputatlon.  The  solution  is 
xnade  on  Army  Map  Service  Form  Ho.  3-15^  (Fig.  5-2)  .  A  detailed 
account  of  the  computational  procedure  is  given  in  AMS  TM  Ho.  I9, 
Fnlversal  Transverse  Mercator  Grid,  currently  being  rewritten  as  an 
Army  Field  Manual. 

In  Shoran -controlled  mapping  operations  such  great  dis¬ 
tances  are  covered  that  it  is  possible  for  the  ground  stations  to 
be  situated  in  different  grid  zones,  or  for  the  ground  stations  to 
be  in  one  zone  and  the  area  being  mapped  to  be  in  another.  Where 
points  are  so  located,  their  positions-  should  first  be  transformed 
to  coordinates  of  the  zone  containing  the  area  that  is.  to  be  mapped. 
The  aforomentioned  AMS  technical  manual  disciisBes  the  procedure  for 
making  this  caaversion. 


5o  The  Shoran  Reduction  Formulas.  Shoran  dial  readings  ob¬ 
tained  from,  the  recorder  fljim.  must  be  corrected  for  instrumental 
and  propagation  errors,  and  then  be  reduced  to  map  distances,  be¬ 
fore  the  map  coordinates  can  he  determined.  The  necessary  formulas 
are  given  bei.ow? 


M*S-C2^^C|r-AM 

0i-lv2O*i^O*6-7-8-9 


Am 


r 

c 


2,3920  S(10-^) 


where 


M  »  Ground  or  geodetic  distance  in  miles 
S  «  Uncorrected  Shoran  distance  reading  in  miles 
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FIG.  5-2.  UNIVERSAL  TRANSVERSE  MERCATOR  COORDINATES. 


C^  =  Ttming  non-linearity  correction  in  miles 
«  Differential  distance  correction  (in  miles) 
resulting  from  flying  height  deviations  of 
individual  exposures  from  the  mean  of  the 
mission 

=  Correction  (in  miles)  composed  of  the 
followin{f  terms  j 

1=2 ,5920  S(E  *  K)  10"^ 

2  -  l.T935(H  -  K)^ 

___  s 

,  _  1,6o85(H  -  K)^ 

^  ■  ■  s5 


5  =  F  -  93A09.9  .  s 

F 


6  =  G^  f  Rz  ♦  Oj^  -  100.0000  =  Constant  teim 
consisting  of  corrections  for  ground 
station  delay t  ♦  (G^  -  .1800)  ],  airborne 
zeroing  I  -  (99.8200  -  Rj.)  ],  and  separa¬ 
tion  of  airborne  antennas  aaI 
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7  s  .2481*8  s5  (lo“®) 

8  =  (Yi  -  Yg)  S  (10-^ 

9  =  Correction  for  aaaxBiptlon  that  the  Shoran 

ra^  path  has  a  conatant  radius,  regardless 
of  its  helf^t  above  sea  level. 

H  =  Corrected  mean  flying  hel^t  above  sea  level, 
expressed  In  10,000.foot  uxilts 
E  s  Elevation  of  ^rouM  station  antenna  above  sea 
level,  expressed  in  10,000-foot  units 
ZiE  B  Deviation  of  Individual  flying  helots  from  the 
mean,  expressed  In  10,000-foot  units 
F  B  Acttial  timing  freqxiency  In  cycles  per  second 
Vi,  V2,  and  Y^  =  teims  of  velocity  correction,  in 
miles 

•  Ground  station  delay,  in  miles 

*  Observed  zero  of  airborne  set,  in  miles 

Cjuv  ■  Correction  for  separation  of  alrbozne  antennaa, 
in  miles 

These  formulas  are  identical  to  those  presented  in  Chapter  II,  par. 
7,  but  here  the  expressions  have  been  further  expanded  and  insig¬ 
nificant  terms  have  been  eliminated  to  permit  greater  ease  in  com¬ 
putation.  It  will  be  noted  that  terms  1,  2,  5^  end  7  of  “the  expres¬ 
sion  Just  given  correspond  to  the  first  four  terms  of  the  equation 
of  Chapter  II  j  the  velocity  correction  (Y  of  the  Chapter  II  ex¬ 
pression)  is  made  up  of  terms  4  and  8;  the  calibration  corrections 
(C  of  Chapter  II)  are  covered  by  terms  C^,  5  said  6j  and  term  9  is 
equivalent  to  B  in  the  original  equation. 

Nearly  all  of  the  unknown  quantities  in  the  reduction 
formulas  will  be  furnished  by  the  Air  Force  photographic  unit  as 
called  for  in  the  speclfioatlans  for  ]^otography.  The  ground  sta¬ 
tion  delay  (G^) ,  timing  frequency  (F) ,  observed  zero  (B^)  ,  and  cor- 
-rectlons  for  separation  of  airborne  antennas  are  eil  constant 

for  any  one  mission.  Timing  non-linearity  corrections  (Cij)  will  bo 
furnished  in  the  form  of  tables  or  curves.  If  velocity  corrections 
have  been  requested,  they  will  be  supplied  in  the  form  of  tables  or 
curves  baaed  on  atmospheric  conditions  at  the  time  of  photography. 
The  values  than  will  replace  terms  4-  and  8  of  the  reduction  equa¬ 
tion.  If  standard  atmospheric  ccmditlons  are  to  be  assumed,  cor¬ 
rections  are  taken  from.  Tables  I,  II,  and  III  of  Appaodlx  C .  Term  9 
is  sot  forth  in  Table  lY  of  Appendix  C . 

The  true  mean  flying  helEh'^  (H)  either  must  be  determined 
by  the  ^otogrammetrlc  method  of  Chapter  YI,  or  must  be  supplied  by 
the  photographic  unit.  Differential  flying  helots  (AE)  are 


FIG.  5-3.  FILM  HOLDER  FOR  SHORAN  FIIM  VIEWER. 


FIG.  5-'t-.  SHORAN  FILM  VLEV/ER  V/ITH  FIIM  HOLDER. 
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estalaliahecL  fram  tJie  altimeter  readings.  The  req.viired.  ground  sta¬ 
tion  hel^t  (k!)  can  he  taJcen  from,  trig  lists  if  the  antenna  was 
placed  over  an  existing  station;  otherwise.  It  must  he  determined 
from  survey  notes.  It  should  he  noted  that  unless  unusual  field 
conditions  were  eii5)loyed,  50  feet  must  ho  added  to  the  ground  ele¬ 
vation  to  account  for  the  hei^t  of  the  antenna  mast. 

4.  Tabulation  of  Recording  Film  Data.  Distance  readings 
from  the  aircraft  to  the  ^ound  stations  at  the  tnstan''  of  each 
aerial  exposure  are  contained  on  the  film  of  the  35 -md  Shoran 
recording  camera.  Barometric  altimeter  readings  are  obtained  from 
the  altimeter  recording  film  if  available;  otherwise,  values  are 
taJcen  from  the  Shoran  recorder.  The  viewer  shown  in  Figs.  5-3  and 
5-4  is  used  in  reading  the  necessary  values  directly  from  the  re¬ 
cording  film  negatives .  The  viewer  is  essentially  a  magnifying 
glass  to  which  has  been  added  a  film  holder  and  a  li^b  source  of 
variable  intensity.  To  facilitate  the  placement  and  removal  of  the 
film  holder  from  the  viewer  itself,  the  bottom  cover  of  the  viewer 
is  taken  off  and  the  screw  which  foims  the  stop  is  removed  from  thj 
condensing  lens  pivot.  This  permits  the  condensing  lens  to  he  ro¬ 
tated  throu^  360°.  It  will  also  he  helpful  to  remove  permanently 
the  black  metal  masking  screen  that  is  located  on  the  under  side  of 
the  lens.  During  tabulation  of  the  recorded  data,  maximum  effi¬ 
ciency  is  achieved  if  one  person  makes  the  necessary  readings  and 
another  records  them.  Upon  completion  of  the  listi^,  the  opera¬ 
tors  exchange  places  and  all  values  are  reread  as  a  check. 

Standard  Corps  of  Engineers  nomenclature  for  the  viewer 
is  "Film  Viewer,  35  mm  film  strip,  for  vertical  or  horizontal  trans¬ 
parencies,  without  film  holder,  with  ceuse,  Leitz  model  B  or  equal." 
Standard  nomenclature  for  the  holder  is  "Film  Holder,  35  Mm  film 
strip,  winding,  for  Leitz  model  B  desk  viewer." 

Occasionally,  simultaneous  exposures  of  the  aerial, 

Shoran,  and  altimeter  film  will  not  carry  the  same  numbers  and  so 
correlation  will  be  difficult .  Often,  this  problem  will  have  been 
cau^t  and  straightened  out  before  receipt  of  the  film  by  the  map¬ 
ping  unit.  However,  the  possibility  of  mistakes,  or  at  least  of 
confusion,  from  this  source  should  be  recognized  and  a  quick  check 
should  be  made  by  comparing  numbers  at  the  start  and  finish  of  each 
fli^t.  Should  treuble  appear,  correlation  usually  can  bo 
established  by  checking  the  time  intervals  on  the  clocks  that  show 
in  all  three  recording  films. 

The  first  tabulation  will  be  that  of  flying  hei^t  as  in¬ 
dicated  by  the  altimeter  readings  appearing  either  on  the  Shoran  or 
separate  altimeter  recorder  film.  Ho  special  form  is  used  for  this 
listing.  Values  to  th.-^  nearest  20  feet  are  tabulated  opposite  the 
exposure  number  of  each  photograph  to  be  used  iii.  the  map  compilation. 
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Fly±as  helots  for  different  misaloriB  are  tabulated  separatel7, 
since  varying  meteorological  conditions  'between  missions  could 
cause  the  average  reading  to  differ  considerably,  even  thou^  the 
actual  eiposTire  heifjits  were  the  same.  (One  mission  is  considered 
to  be  a  group  of  exposures  that  were  taken  consecutively  from  the 
same  aircraft  over  one  area  and  on  the  same  day.)  The  mean  altimeter 
reading  of  the  mission  is  next  computed  and  its  valiie  is  recorded. 

A  discussion  of  methods  for  convertiiig  from  barometric  to  true  fly¬ 
ing  helots  is  given  in  Chapter  VT.  Once  established,  the  value  is 
listed  in  the  upper  part  of  Shoran  Form  2  (Fig.  5-5)  • 

This  listing  of  altimeter  readings  also  indicates  the 
magnitude  of  the  Individual  flying  hei^t  deviations.  Exposures 
that  deviate  from  the  mean  by  mere  than  100  feet  are  noted,  and  the 
amount  and  sign  of  the  deviation  is  deteimined  by  subtracting  the 
mean  value  from  the  individual  readings.  'Variations  to  the  nearest 
100  feet  and  expressed  in  10, 000 -foot  units  are  tabulated  on  Shoran 
Form  3  in  the  colimms  headed  AM,  using  the  upper  half  of  the  blocks 
as  shown  in  Fig.  5-7.  Since  flying  hei^t  differences  affect  the 
distance  from  each  grovuxd  station  to  the  aircraft,  the  deviations 
must  "be  entered  in  both  A  M  column .  The  tabulation  of  mileage 
counter  readings  to  the  nearest  .001  mile  is  also  made  on  Shoran 
Form  5  under  the  columns  headed  '’Shoran  Reading."  Information  re¬ 
ceived  with  the  photography  must  Ijidicate  ihe  ground  stations  to 
which  the  readings  refer. 

5.  Determination  of  Reduction  Correction,  Ci.  The  C-j^  term 
of  the  reduction  equation  is  computed  on  Shoran  Fom  2  (Fig.  5-5)  • 

A  separate  sheet  is  used  for  distances  from  each  ground  site. 

Space  is  provided  at  the  top  of  the  form  for  the  name  of  the  ground 
station,  mission  number,  and  the  tabulation  of  all  calibration  and 
other  canstonts  needed  in  the  computation.  The  value  entered  for 
mean  flying  hel^t  must  be  the  true  value  as  determined  by  one  of 
the  methods  of  Chapter  VI.  The  ground  station  elevation  represents 
the  hei^t  of  the  antenna  which,  in  most  operations,  is  on  a  mast 
50  feet  above  the  ground  level.  During  the  machine  computations, 
maximum  efficiency  is  attained  by  ing  In  each  column  completely 
before  passing  on  to  the  next  ter 

1+  is  not  necessary  to  compute  correction  Ci  for  each 
Shoran  reading j  instead,  an  equally  accurate  but  more  r^pld  method 
is  used.  The  TnlniTmim  and  maximum  dial  readings  from,  the  aircraft  to 
one  of  the  ground  stations  are  obtained  from  an  examination  of  the 
tabulation  on  Form  5.  Corrections  are  then  computed  to  four  deci¬ 
mal  places  at  5-™il8  Intervals,  starting  at  the  even  5*^18  value 
below  the  mi  niTmim  readir.g  eind  extending  to  the  5-2il-l8  veilue  beyond 
the  Tnavi miim  reading.  Ct  corrections  thus  obtained  are  plotted 
against  distance  on  graph  paper  and  a  smooth  curve  is  drawn  throu^ 
the  points  (Fig.  5-6)  .  The  scale  of  the  graph  should  he  such  that 
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corrections  can  l>e  x>lotted  directly  to  .0002  mile,  distances 
can  "be  read  to  the  nearest  mile.  Corrections  for  Indlyldual 
Shoran  distance  readings  are  then  obtained  from  this  curve  to  four 
decimal  places  and  are  entered  in  the  appropriate  column  of  Foxn.  3  • 
The  determination  of  C]^  for  distances  measured  from  the  other 
ground  station  is  identical,  hut  it  is  performed  separately. 


100  los  no  ns  i20  tes 

SHORAN  DISTANCE  (MILES) 


FIG.  5-6.  TYPICAL  Cl  COEEBDTIOW  CURVE. 

Since  the  correction  does  not  change  very  rapidly,  the 
curve  is  usiially  rather  flat;  as  a  consequence,  it  may  sometimes 
he  advantageous  to  record  the  corrections  to  the  nearest  .0002 
mile  and  then  determine  the  limiting  distance  values  of  each. 

Space  is  provided  on  Form  2  for  such  a  tabulation. 

The  determination  of  correction  Ci  at  5-*nil0  intervals 
will  usually  he  sufficient.  However,  when  the  difference  between 
any  two  successive  corrections,  as  computed  above,  is  greater  than 
.010  mile,  one  or  more  intermediate  points  must  bo  determined. 
Occasionally,  it  may  even  be  necessary  to  compute  the  correction 
at  1-mile  intervals  over  short  distances  in  order  to  meet  this 
restriction. 

VUren  the  correction  curve  is  too  largo  for  one  sheet  of 
paper,  it  should  be  broken  into  segnents  containing  at  least  five 
computed  points  and  plotted  on  separate  sheets.  Graph  paper  having 
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20  graduations  per  inch  is  preferred  to  larger  scales^  as  it  pro¬ 
duces  a  more  compact  ciLTre. 

6.  Velocity  Correction.  The  Shoran  velocity  correction  In 

the  reduction  formula  is  comprised  of  three  teims,  Vj^,  72,  and  Vj, 
for  which  tables  based  on  the  KJl.C.A.  moist  atmosphere  are  giveoi 
in  Appendix  C  .  Because  of  varying  atmospheric  conditions,  however, 
the  use  of  such  standard  tables  may  introduce  errors  of  as  as 
1  part  in  20,000  in  Shoran  distance  measurements,  ^'^^lere  greater 
accuracy  is  required,  velocity  corrections  determined  from  meteoro¬ 
logical  soundings  at  the  time  of  photography  must  be  requested  from 
the  Air  Force  photographic  unit.  If  the  total  velocity  correction 
is  famished  in  the  form  of  a  graph,  the  values  talcen  from  the 
curve  should  be  entered  in  column  3  of  Shoran  Foxm  2  «md  alge¬ 
braically  added  to  the  other  terms.  Column  h  (7,)  is  then  left 
blank.  ^ 

7,  Geodetic  Distances  from  Shoran  Beadings.  The  reduction 
from  Shoran  to  true  ground  distance  is  determine  by  the  formula: 


M  »S  -  Cl  ♦Ct  -Am 

The  necessary  computations  areperfoimed  on  Shoran  Pona  5  (Fig.  5-7)  • 
Space  la  provided  at  the  top  of  the  form  for  noting  the  controlling 
ground  stations  and  the  mission  data.  First,  the  exposure  numbers 
are  listed  in  the  left-hand  column.  Next,  the  Shoran  readings  and 
Cl  corrections  for  distances  from  both  ground  staticms  are  tabulated 
in  appropriate  columns  on  both  halves  of  the  form  (paragraph  h)  . 
Timing  non-linearity  corrections  are  taken  from  curves  or  tables 
that  were  worked  up  from  calibration  data  and  supplied  with  the 
photography.  Term  AM,  the  correction  for  the  deviation  of  individ¬ 
ual  flying  helf^ts  from  the  mean,  need  be  computed  oxxly  when  devia¬ 
tions  of  100  foot  or  more  are  oncomtered.  The  necessity  for  com¬ 
puting  this  term  win  occur  so  seldom  under  normal  conditions  of 
peacetime  flying  that  no  space  is  allotted  for  its  solution.  The 
necessary  fomula  is  shown  at  the  top  of  the  form.  Vhen  the  correc¬ 
tions  are  required,  computations  are  performed  on  a  separate  sheet 
and  only  the  answers  are  tabulated  In  the  lower  half  of  the  blocks 
on  Form  5°  The  final  step  converts  the  reduced  distances  to  meters 
to  conform  with  later  grid  reqiiireiments  In  metric  units. 

8.  UEM  Positions  from  Reduced  Shoran  DJatances.  The  computa¬ 
tion  of  T7IM  grid  coordinates  is  performed  on  Shoran  Forms  and  5* 
Form  U  establishes  a  set  of  coefflclaats  that  are  constant  for  any 
given  pair  of  ground  stations.  Consequently,  the  computation  need 
be  made  only  once  for  any  area  controlled  by  the  same  two  ground 
sites.  Form  5  is  xised  for  the  actiial  determination  of  coordinates. 
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a.  A  worked  example  of  the  mater  computation.  Form  4, 
is  olicwn  in  Fig.  5-8.  During  its  solution  the  following  points 
should  be  noted: 

(1)  Terms  XVIII  I  are  taken  from  standard  DIM 
grid  tables.  The  particular  tables  employed  must  list  values 
for  the  reference  spheroid  that  has  been  designated  for  use  in 
the  area  being  mapped. 

(2)  The  solution  should  always  be  perf canned  by  at 
least  two  separate  operators  so  as  to  guard  against  carrying 
errors  into  later  computations. 

b.  Fig,  5-9  illustrates  the  solution  of  Form  5.  The 
top  row  provldea  space  for  listing  the  numbers,  or  other  designa¬ 
tions,  of  the  points  for  which  coordinates  are  desired.  The  reduced 
Shoran  distances  from  each  of  the  ground  stations  (M^  and  are 

taken  from  Form  3  ni^d  multiplied  by  the  constant  .9998  x  10“^  be¬ 
fore  entering  the  values  as  steps  (l)  and  (2)  on  the  form.  Subse¬ 
quent  steps  are  indicated  in  the  second  column.  For  example,  in 
step  (3),  the  quantity  tc.bulated  for  step  (l)  is  first  multiplied 
by  the  coefficient  a^  from  Form  4  and  this  product  then  is  multi - 
plied  by  the  number  2.  It  should  be  noted  that  steps  (9)  and  (lO) 
require  the  selection  of  signs  which  depend  upon  the  location  of 
the  points  with  respect  to  the  Shoran  base  line.  Both  of  these 
signs  will  remain  constant  throughout  auiy  one  mission  and  so  the 
two  that  are  not  to  be  used  can  be  crossed  out  before  work  is  begun. 

Lines  (it)  and  (18),  supply  the  ground  position  of  the 
point  on  the  airplane  that  is  halfway  between  the  airborne  antennas . 
On  most  aircraft  the  aerial  camera  will  have  been  installed  very 
near  this  mid-point  (Chapter  IV,  par.  8)  and  so  these  values  repre- 
^ent  the  final  coordinates.  Occasionally,  however,  the  camera  loca¬ 
tion  will  be  such  as  to  require  a  displacement  correction  and  steps 
(19)  through  (22)  will  have  to  be  filled  in.  The  necessary  con5)u- 
tationa  are  explained  in  paragraph  9. 

Steps  (23)  throu^  (30)  iJrovide  a  check  for  the  computa¬ 
tions.  If  lines  (29)  and  (30)  fail  to  agree  to  within  about  1 
meter,  the  work  must  be  re-examined  to  locate  the  error.  It  is 
well  to  make  the  whole  coordinate  and  check  computation  for  the 
first  point  of  each  mission  separately  and  completely  before  pass¬ 
ing  on  to  the  remaining  points.  This  assures  that  no  gross  errors 
will  be  made  in  the  use  of  coefficients  or  placing  of  decimal 
points.  After  this,  maximum  efficiency  is  attained  by  computing 
each  line  all  the  way  across  the  sheet  before  going  to  the  next 
line. 
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COEFFICIENTS 

FOR  USE  WITH 

COMPUTATION  OF  UTM  POSITION 

FROM 

REDUCED  SHORAN  DISTANCES 
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N-  s  _ ** _ Matars  E-  « 


N*  « - a 

l(N**N,)  =4 


M*t«rs  E,  « - rtiM 

Maters  E^  = _ _ Mstars 

Matars  W  *  279.S/9.S  Matars 


XZni  AND  I  FROM  AMS  TM.  UTM  GRID  TABLES  FOR  LATITUDE  0*  -  80* 


«n  Y,»N,  IO-« 


(2)  Y*.N4  <0-* 


(S)  AY>(0-(2) 


(6)  AX«(9)-(4) 


9- 

9/7 

4 

4.  SSS  447 

7 

.2eS  734 

4 

.0/4 

7/2 

2 

-  .044 

740 

3 

.27/ 

022 

2 

.279 

404 

2 

.969 

299 

7 

-  S4S 

442  4 

.0/2 

3/3 

-  ^000 

044  9 

/  .000 

400 

0 

.949 

32/ 

4 

-  .244 

796 

4 

.0/2 

3/2 

447. 

329 

4 

.004 

/04 

0 

.004 

204 

0 

.000 

/4/ 

/ 

.ooa 

342 

2 

.000 

002 

7 

/  .ooa 

002 

7 

.279 

407 

5 

TI&.  3^,  COMPOrATIOR  OF  COEFFlCmiia  -  UCM  FOSiriOH  roOM 
BXDODB)  SHOBIK  BISTARCSS. 


FIG.  5-10.  DETEEMINAriaN  OF  CCERECTION  FOR  CAMERA  DISPLACIMME. 
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9»  Coyreotlon  for  InataULatlon  of  AerlaJ.  Camera.  Cansra  In- 
stallation  correctionB  need  to  te  computed  only  ■iA.en.'^lie  dleiplac©- 
meixt  from  the  mid-point  "between  airborne  antennas  is  gpreat  anoti^ 
to  affect  map  accuracy »  For  Instance,  it  would  "be  a  waste  of  time 
to  consider  a  2 -foot  displacement  when  computing  coordinates  for 
map  control  at  a  scale  on  which  it  was  impossihle  to  plot  to  any 
closer  than  about  10  feet.  In  most  military  mapping  operations, 
corrections  should  "be  computed  when  the  displacement  is  greater  than 
1  meter. 


Fig.  5-10  Illustrates  the  method  to  be  used  for  detemln- 
ing  the  displacement  correction.  Once  the  mid-point  position  of 
the  antennas  has  been  determined,  the  camera  coordinates  are 
established  by  the  formulas 

W  =  Np  *  ZiN 

E  =  Ep  ♦  AE 

where  Np  and  Ep  *  UTM  coordinates  of  point  midway 

between  Shoran  airborne  antennas 

3  B  cos  Z 
AE  «  D  sin  Z 

D  *  Displacement  of  aerial  camera  from  the  mid¬ 
point  of  the  antennas  in  meters 
Z  s  Grid  azimuth  of  aircraft  heading 

The  quantity,  D,  is  assumed  to  be  positive  when  the  camera  is  for¬ 
ward  of  the  mid-point  between  antennas  and  negative  when  the  camera 
is  toward  the  tail  of  the  aircraft.  The  grid  eizlmuth,  Z,  is  deter¬ 
mined  by  correcting  the  compass  heading,  as  read  from  the  Shoran 
recording  film,  first  for  magnetic  declination  and  then  for  con¬ 
vergence  of  the  UTM  grid. 

Magnetic  declination  of  the  compass  is  deteimlned  from  an 
isogonlc  chart.  The  convergence  correction  is  dependent  upon  the 
mean  latitude  of  the  area  being  mapped  (9^  and  the  distance,  in  de¬ 
grees,  from  the  center  of  the  area  to  the  cerxtral  meridian  of  the 
grid  zone.  Values  are  listed  in  Fig.  5-11.  In  the  Northern  Eemls- 
phere,  convergence  corrections  are  added  to  the  compass  readings  if 
the  area  is  west  of  the  central  meridian  and  subtracted  if  it  is  to 
the  east;  signs  are  reversed  when  wording  in  the  Southern.  Hemis¬ 
phere.  Mistakes  introduced  by  the  possiblr  selection  of  wrong  alge¬ 
braic  si  gas  can  be  avoided  if  a  diagram  sIjl  -ar  to  that  shown  in 
Fig.  5-10  is  drawn  for  each  mission. 

■[Jsually,  the  campass  heading  of  the  aircraft  remains  con¬ 
stant,  within  the  limits  of  a  few  degrees,  for  each  photographic 
fll^t,  and  consequently,  a  mean  heading  can  be  used  to  deteimine 
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constant  corrections  for  coordinates  of  each  photograph  in  that 
strip.  If  Individual  headings  vary  from  this  mean  by  more  than 
about  5°,  however,  separate  corrections  must  bo  computed  for  the 
coordinates  of  the  corresponding  photographs.  The  refinement  of 
the  correction  Is  dependent  upon  the  magnitude  of  the  camera  dis¬ 
placements;  that  Is,  the  smaller  the  dlsplacesnent,  the  less  Is  the 
precision  with  which  aircraft  heading  must  bo  established. 


Distance  from 
Central  Meridian 

(4. 

1° 

2° 

3° 

H 

0 

0 

1° 

20° 

1° 

1° 

30° 

1° 

1° 

2° 

40° 

1° 

1° 

2° 

50° 

1° 

2° 

2° 

60° 

1° 

2° 

5° 

70° 

1° 

2° 

5° 

80° 

1° 

2° 

3° 

FIG.  5-11.  CQNVSRGERCE  CORRBCTICW,  UTM  GBID. 

Since  these  corrections  seldom  will  be  needed  and  since 
Just  one  computation  per  fli^t  will  often  be  sufficient,  no  form 
is  provided  for  the  solution  of^^W  and.  A  E.  When  req.uirod,  the 
work  should  bo  perfoimed  on  a  separate  sheet  of  paper  and  the  re¬ 
sults  entered  in  lines  (19)  and  (20)  of  Shoran  Fom  5.  The  correc¬ 
tions  then  are  added  to  lines  (IT)  and  (I8)  to  obtain  the  final 
point  coordinates. 

10.  The  Shoran  Grid.  In  areas  where  geodetic  positions  of 
the  ground  stations  are  unknown,  the  resulting  maps  will  provide 
relative  position  only,  and  must  bo  published  without  positive  In¬ 
dication  of  latitude,  longitude,  or  direction.  The  base  lino 
length  Is  determined  by  the  Shoran  lino -crossing  method  (Chapter 
II,  par.  10)  and  plotting  Is  done  on  a  special  "Shoran  Grid."  This 
grid  is  based  on  a  so-called  doubly  eq.uidistant  projection  and  has 


FIG.  5-12.  THE  SHOBAH  GKID. 


th.e  property  that  distance  from,  any  point  on  the  map  to  either  of 
the  ground  stations  can  he  obtained  an  though  on  a  plane.  Dis¬ 
tances  between  other  points  will  not  be  absolutely  true  but  over 
the  comparatively  small  area  of  a  normal  map  sheet,  such  errors 
will  be  negligible.  Fig.  5-12  illustrates  the  Shoran  grid.  The 
origin  of  coordinates  (X  =  0;  Y  =  O)  is  at  the  westernmost  ground 
station  and  the  X-axis  is  the  line  passing  throu^  both  ground 
stations.  This  permits  plotting  sheets  to  be  laid  out  by  con¬ 
structing  a  simple  rectangular  grid  in  metric  units  to  the  desired 
working  scale.  Shorem  control  can  thra.  be  plotted  on  sheets  that 
have  been  numbered  to  correspond  to  the  area  in  which  work  is  to 
be  accomplished. 

Grid  positions  of  the  exposure  stations  are  determined 
with  the  aid  of  Shoran  Form  6  (Fig.  5-15)  •  Space  is  provided  at 


8H0RAN  GRID  COORDINATES 
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GROUND  STATION  A  (WR*t«rnmott) 
GROUND  STATION  B  (Ea*l«rnmo«t)-^SA< 
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V  .  /(M,f -(X'l^ 
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Y  .  Y'+AY 

I  •* _ METERS 
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DISTANCE  STATION  A  TO  STATION  B  •  W  • _ •* _ METERS 

2W  •  asa.  € _  _ ra.  /s€.»s^.aoo 

AX  AND  AY  ■  CORRECTION  FOR  DISPLACEMENT  OF  AERIAL  CAMERA  FROM  POINT  MIDWAY 
BETWEEN  AIRBORNE  ANTENNAE  (ZERO  FOR  MOST  AIRCRAFT  INSTALLATIONS) 


^«a.  7/T./ 
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7SO.OS/.  7 
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a7j.  /»3.  a 
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/S7.t/a.a 

FIG.  5-13.  SHORAN  GKID  COORDINATES. 
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the  top  of  the  form  for  entering  the  names  of  the  ground  stations 
and  the  length  of  the  base  line.  The  reduced  Shoran  lengths,  M2_ 
and  Mq,  are  extracted  from  computations  on  Form  3  and  entered  oppo¬ 
site  the  appropriate  exposure  numbers.  Since  the  computation  of  I' 
and  Y'  can  be  perfonned  in  the  calculating  machine,  no  space  is  pro¬ 
vided  for  intermediate  steps.  Care  must  be  taken,  however,  to  place 
the  decimal  points  correctly.  The  signs  of  the  X  coordinates  are 
established  in  the  computations.  Signs  of  the  Y  coordinates  are 
always  positive  and,  because  of  the  nature  of  the  projection,  numer¬ 
ical  values  increase  in  both  directions  from  the  base.  The  mapping 
organization  always  will  be  sufficiently  well -acquainted  with  the 
area  to  know  the  relation  of  photography  to  ground  stations  and  so 
no  trouble  should  be  experienced  in  establishing  the  proper  direc¬ 
tion  of  the  Y-axis. 

The  X»  and  Y'  coordinates  represent  the  final  Shoran  posi¬ 
tions  except  for  rare  mlsalona  where  the  aerial  camera  was  displaced 
more  than  about  1  meter  from  a  point  midway  between  the  airborne  an¬ 
tennas.  Displacement  coirrections  for  the  Shoran  grid  are  computed 
in  a  manner  similar  to  that  discussed  in  paragraph  9  for  the  ITTM 
grid.  In  this  case  the  formulas  become: 

X  »  x«  ♦  Ax 
Y  >  Y«  ♦Ay 

where  X'  and  Y»  »  Shoran  grid  coordinates  of  point  midway 

between  airborne  anteniias 

Ax  s  D  sin  Z 
Ay  »  D  cos  Z 

D  *  Displacement  of  aerial  camera  from  mid -point 
of  antennas  in  meters 

Z  «  Shoran  grid  azimuth  of  aircraft  heading 

The  grid  azimuth,  Z,  is  determined  from  the  compass  heading  of  the 
aircraft  as  shown  on  the  recording  film,  the  magnetic  declination, 
and  the  azimuth  of  the  Shoran  base  line.  Since  absolute  positions 
of  the  base  line  terminala  are  not  known,  the  grid  azimuth  cannot 
be  established  accurately.  However,  its  direction  usually  can  be 
scaled  from  an  existing  map  or  otherwise  estimated  to  the  required 
accuracy  of  one  or  two  degrees.  A  sketch  like  the  one  shown  in 
Fig.  5-10  must  be  drawn  to  assure  the  selection  of  the  proper  signs 
for  all  variables.  Corrections  can  then  be  computed  and  entered  in 
the  appropriate  columns  of  Form  6. 

11.  Conversion  from  Geographic  to  Shoran  Position.  On  rare 
occasions  it  may  be  desirable  to  add  a  geographic  graticule  to  maps 
that  have  been  compiled  on  the  Shoran  grid.  This  can  only  be  done, 
however,  after  the  geographic  positions  of  the  ground  stations  have 
been  established.  The  procedure  involves  computing  the  Shoran 
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eoordlnatos  of  oToa  1-^  or  lO-mliuito  (depending  iq>aa  map  scale) 
intersect ioDB  of  latitude  Icsigltudej  plotting  tlie  positions  on 
the  Shoran  grid,  nd  then  ocxmectlng  the  points  vith  strai^t 
lines.  The  resulting  graticule  Is  a  doublj  eq.uidlstant  projection 
based  on  the  two  ground  stations  and,  within  the  small  area  corer- 
ed  >7  a  nomal  map  sheet,  differs  Yerj  little  from  more  common 
projections .  If  the  map  is  ptiblished  in  this  form,  api^priate 
notation  should  he  in  the  legend. 

The  first  step  of  the  computation  req.ulres  estahlidiing 
the  geographic  coordinates  of  both  ground  stations.  This  m&j 
necessitate  a  conyerslon  from  IRM  coordinates  on  Aimy  Hap  Serrioe 
Form  Ho.  3-1^1  (Fig.  ^-iM  .  A  complerte  discussion  of  the  method 
is  glTen  in  ANB  Vo.  I9,  "UhlTersal  Transverse  Mercator  Grid." 
The  next  step  is  to  determine  the  yalue  of  six  coefficients  idiich 
are  to  be  used  in  the  actual  position  confutation.  Fig.  5-15 
illustrates  the  required  solution.  Coefficients  are  constant  for 
any  giren  pair  of  ground  stations  and,  consequently,  must  be  com¬ 
puted  Just  once.  Coordinates  of  the  indlYldual  points  are  deter¬ 
mined  by  the  solution  shown  in  Fig.  ^-l6.  Printed  fozms  will  not 
be  needed  because  of  the  Infrequency  with  which  the  method  will  be 
applied.  Vo  difficulty  should  be  encountered  in  the  solution  if 
Figi.  3-1^  and  ^-16  are  followed  carefully  and  if  the  following 
points  are  notedx 


GEOGRAPHIC  COORDINATES  FROM  UNIVERSAL  TRANSVERSE  MERCATOR  GRID  COORDINATES 
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FIG.  5-15.  COMPUTATION  OF  COEFFICIENTS  -  GEOGRAPHIC  TO 
SHORAN. 
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POSITION  OOMPOTATION 
GEOGRAPHIC  TO  SHORAN 

(CotffiCMnI*  (K**)  oMoiiMd  from 
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a.  Factors  A',  B,  C,  and  F  are  dependent  iqton  the 
reference  spheroid  and  are  obtained  frcn  tables  using  the  latitude 
as  an  argument.  For  the  Clarhe  spheroid  of  1866,  logarithms  of  the 
values  are  obtained  from  IT.  S.  Coast  and  Geodetic  Spec.  F\ibl.  Ho.  6, 
"Formulae  and  Tables  for  the  Computation  of  Geodetic  Positions." 
Terms  must  be  converted  to  their  natural  form  for  use  In  the  machine 
computation. 


b.  The  numerical  values  of  terms  *Kx-p2  and  <K2a^  will 

always  be  plus  (4)  and  those  of  terms  ani  “^p\^  will  always 

be  minus  ( -) .  The  values  of  terms  -*^3p^q,  and  may  be  either 

plus  or  minus  depending  upon  the  slgr  of  term  q.. 

c.  Distances  are  listed  In  kilometers  rather  than  In 
meters  as  employed  usually  in  other  Shoran  computations. 
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CHAPTER  VI 

FLIUrG  ESICaT  BSTEIMIHAinir 


1.  General.  The  geometry  of  the  foimula  for  reducing  Eboran 
measxiraittBnts  to  geodetic  dlatances  calls  for  the  true  flying  height 
of  the  aircraft  at  the  Instant  of  each  exposu3re.  In  the  mapping 
application,  hovever,  vhere  the  Shoran  position  of  several  xQioto- 
graphs  must  he  computed,  the  solution  Is  greatly  simplified  If  a 
constant  eq.ual  to  the  mean  flying  height  Is  used  In  the  computation 
of  all  exposures.  This  simplification  produces  no  significant 
errors  In  the  final  results  except  In  those  few  Instances  where  In¬ 
dividual  exposures  deviate  from  the  mean  by  more  than  about  100 
feet.  In  these,  small  corrections  must  be  applied  to  the  corres¬ 
ponding  distances. 

The  face  of  a  barometric  altimeter  with  pointers  reading 
to  the  nearest  20  feet  appears  in  each  altimeter  recorder  exposure. 

A  second,  though  less  accxirate,  barometric  altimeter  appears  on  the 
Shoran  recorder  film  and,  can  be  used  idiere  altimeter  recorder  val¬ 
ues  are  unavailable.  Altimeters  of  this  type,  however,  are  simple 
aneroid  baromaters  calibrated  to  read  correct  altitude  above  sea- 
level  only  under  an  assumed  standard  atmospheric  condition  and,  for 
this  leason,  the  Indicated  reading  can  be  In  error  by  as  much  as 
1,000  to  2,000  feet,  or  more.  The  Instrument  does,  however,  give 
fairly  reliable  readings  for  flying  hei^t  differences;  conseq,uent- 
ly,  true  mean  flying  hei^t  is  deterodned  by  other  methods,  and  the 
difference  between  the  true  hel^t  and  that  Indicated  Is  applied  as 
a  correction  to  any  individual  exposure  recording  for  which  the  true 
hei^t  is  needed  o  The  following  methods  are  available  for  establli^- 
ing  true  flying  heists 

a.  Meteorological  observations. 

b.  Radio  altimeter  carry. 

c .  Fhotogrammetrlc . 

2.  Meteorological  Observations .  One  method  of  establishing 
the  necessary  flying  kel^t  Is’  thrdu^i  computations  based  on  mete¬ 
orological  obsor/atlons  made  at  the  time  the  photograidiy  Is"  flown. 
Briefly,  the  method  consists  of  cosuputlng  the  thickness  of  air 
layers  between  successive  pressure  levels  as  Indicated  by  readings 
of  tenperature,  pressure,  and  humidity.  By  adding  these  thicknesses 
together,  the  altitude  corresponding  to  any  pressure  can  be  deter¬ 
mined.  The  mean  altimeter  leading  Is  then  converted  to  Its  basic 
pressure  level  value,  and  the  corresponding  altitude  Is  taken  from 
the  msteorologlcal  conputatlons .  In  some  cases,  the  upper  air  data 
gat.hered  regularly  at  Air  Weather  Service  or  other  governmental 
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vaathar  atatlona  vill  l)e  sultahle.  At  other  ttmea  the  use  of  a 
special  weather  observing  airplane  will  be  req.itlred.  The  proper 
method  of  gathering  the  neceasary  data  will  be  deteimlned  by  the 
Air  Force  unit,  end  the  necessary  corrections  will  be  supplied  with 
the  aerial  photography,  if  called  for  in  the  specifications. 

3.  Radio  Altimeter  Carry.  In  some  special  cases  the  "radio 
altimeter  carry'’  method  may  be  used  to  deteimlne  true  flying  height . 
This  method  requires  the  simultaneous  recording  of  readings  from 
both  the  barometric  and  radio  altimeters  as  the  mapping  aircraft 
flies  over  an  area  of  inown  elevation.  The  radio  altimeter  reading 
plus  the  elevation  of  the  datum  area  gives  the  true  flying  hei^t 
above  sea  level.  Thereafter,  the  barometric  altimeter  provides  in¬ 
formation  concerning  flying  height  differences.  Upon  completion  of 
the  mission,  the  plane  again  flies  over  the  datum  area  to  take  read¬ 
ings  of  both  instruments,  thereby  furnishing  a  means  of  adjusting 
the  barometric  values  for  temporal  variation  in  hei^t  of  the  pres¬ 
sure  level.  Any  needed  correction  for  pressure  level  gradient  be¬ 
tween  the  reference  area  and  the  photographed  area  is  obtained  from, 
standard  level  charts  published  by  the  Weather  Bureau  or  the  Air 
Weather  Service,  The  radio  altimeter  carry  method,  then,  provides 
a  way  of  calibrating  the  barometric  altimeter  so  as  to  eliminate 
the  need  for  meteorological  observations  at  the  time  and  place  of 
photography.  It  also  permits  "carrying"  these  elevations  for  quite 
some  distance  from  a  datum  area  to  the  area  to  be  photographed. 

A  limitation  "Of  this  method  is  the  fact  that  a  rather 
large  flat  area  must  be  used  for  reference,  since  the  altimeter 
beam  covers  a  cone  of  several  degrees  and,  in  roii^  terrain,  it  is 
likely  to  indicate  distance  to  some  hi^  peak  instead  of  hei^t 
above  the  point  directly  beneath  the  aircraft.  Large  lakes  of 
known  elevation  or  sea  water  make  ideal  reference  areas  and,  if 
available,  should  produce  reliable  res’lLts,  Althou^  no  past  tests 
have  peimitted  an  evaluation  of  its  accuracy,  it  is  possible  that 
this  application  may  prove  Tisefii  in  specific  cases. 

1+0  Photogrammetrlc  Methods.  Photograinmetrlc  procedures 
offer  a  third  method  of  es-tablishing  true  flying  hei^t,  provided 
one  or  two  identifiable  points  of  known  elevation  appear  somewhere 
in  the  mapping  photography.  The  method  is  somewhat  similar  to  the 
radio  altimeter  carry  method,  in  that  flying  height  above  the  datum 
la  first  determined  and  then  added  to  the  datum  elevation  In  order 
to  establish  exposure  hei^t.  As  before,  flying  hel^t  differences 
are  taken  from  the  recordings  of  the  barometric  altimeter.  Any 
photogrammetrlc  determination  of  height  above  datum  requires  the 
availability  of  sufficient  ground  control  to  permit  a  graphical  or 
analytical  resection  of  the  exposure  station.  Where  several  con¬ 
trol  points  appear  in  one  aerial  photograph,  flying  hei^t  may  be 
established  by  any  one  of  the  several  existing  methods.  M\iltiplex 
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mfithodB,  however,  offer  the  simplest  aod  most  direct  solution  and, 
in  the  ^oran  application,  require  the  availahllity  of  only  a  single 
datum  elevation  point .  Shoran  positions  computed  with  the  heat 
available  estimate  of  flying  hei^t  give  an  approximate  scale,  fol¬ 
lowing  which,  a  special  "BZ"  curve  method  can  he  used  to  level  the 
models  without  recourse  to  ground  points.  With  absolute  orienta¬ 
tion  established  in  this  manner,  exposure  hel^t  can  be  determined 
from  the  camera  frame  size  and  focal  length,  and  the  elevation  of 
one  datum  point  in  the  model.  However,  to  be  of  value,  the  camera 
constants  must  have  been  measured  with  hl^  precision  and,  for  "chis 
reason,  the  use  of  an  accurace,  well -calibrated  mapping  camera  is 
mandatory  in  areas  where  photogrammetric  methods  are  '.o  be  Txsed. 

Flying  Height  Determination  by  Multiplex  Methods.  Cor¬ 
rectly  oriented  multiplex  models  represent  an  ^curate,  true-to- 
scale  miniature  of  conditions  at  the  instant  of  the  aerial  exposures. 
If  diapositlvea  could  bo  made  from  aerial  negatives  unaffected  by 
film  shrinlcage  and  used  in  projectors  having  a  principal  distance 
of  exactly  28.182  mm  (specifications  permit  a  tolerance  of  ^.015  mm 
in  this  setting)  then  the  hei^t  of  the  emergent  node  of  the  projec¬ 
tor  lens  above  any  point  within  the  model  would  represent  the  exf;.ct 
scale  height  of  the  photographic  airplane  above  the  corresponding 
point  on  the  ground.  Ihider  these  conditions,  flying  hei^t  could 
bo  established  by  measuring  the  vertical  distance  of  the  node  above 
a  point  of  loiown  elevation,  dividing  by  the  model  scale,  and  adding 
in  the  height  of  the  datum  point.  The  wmal  1  errors  of  film  shrink¬ 
age  and  projector  principal  distance  will  normally  introduce  no 
significant  e:rror  in  maps  compiled  from  the  models,  but  they  may 
cause  sufficient  error  in  flying  hei^t  determination  to  affect 
adversely  the  computed  Shoran  positions.  To  circumvent  this  posai- 
bllity,  flying  heights  are  determined  throu^  a  comparison  of 
accurately  deteimined  camera  constants  with  the  size  of  the  pro¬ 
jected  diapositive  after  absolute  orientation  han  been  accomplished. 

a.  Fig.  6-1,  which  illiistrates  the  theory  of  flying 
hei^t  determination  by  this  method,  represents  one  projector  of  a 
correctly  oriented  multiplex  model,  and  shows  a  tilted  axis  corre¬ 
sponding  to  the  tilt  assumed  to  have  been  present  when  the  original 
eacposure  was  made.  The  line  AE  represents  a  horizontal  plane 
throu^  A,  the  datum  point  of  known  elevation.  The  vertical  distance 
OB  ( =  P)  is  the  hel^t  of  the  projector  node  above  the  datum  plane 
and  is  the  true  scale  flying  height  above  datum  under  the  assumed 
coxxditions  of  exact  principal  distance  and  no  film  shrinkage.  OC 
is  the  principal  axis  of  the  projector  and  GJ  is  an  imaginary  p.Lsne 
at  ri^t  angles  to  OC  and  positioned  so  that  OC  =  OB  *  P.  The  dis¬ 
tance,  d,  across  the  diapositive  between  opposite  fiducial,  marks 
corresponds  to  the  distance  D  in  the  imaginary  plane  GJ .  From  the 
geometry  of  the  figure  it  can  be  seen  that? 
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The  distance  D  can  he  measured  by  first  reading  the  elevation  of 
point  A,  than  leveling  the  projector  with  the  tip  and  tilt  screws, 
and  finally  measuring  the  distance  between  opposite  fiducial  marhs 
In  the  plane  of  the  initial  reading  of  the  datum  elevation. 

The  multiplex  reduction  printer  Is  desigoed  to  give 
a  reduction  of  the  multiplex  dlapositlve  from  the  aerial  negative 
in  the  same  ratio  as  principal  distance  of  the  projector  Is  to  cali¬ 
brated  focal  length  of  the  aerial  camera  (!IM  5-2i<h)  .  This  means, 
then,  that  the  following  ratio  la  obtained: 


where 


M  ■  Camera  frame  size  between  opposite  fiducial 

WArlrpi 

d  ■  Dlapositlve  Image  size  between  opposite 
fiducial  marhs 

F  a  Calibrated  focal  longt^.  of  aerial  camera 
f  •  Ifomlnal  principal  distance  of  multiplex 
projectors 


If  this  formula  is  combined  with  the  one  previously  developed,  the 
following  formula  for  projection  distance  Is  obtained: 


P 


.  F 


This  fonnula  gives  the  actual  scale  flying  height  and  Is  independent 
of  errors  caused  by  film  shrinhags.  True  exposure  hei^t  is  deter¬ 
mined  by  dividing  the  quantity,  P,  by  the  model  scale  and  adding 
the  elevation  of  the  datum  point.  The  true  focal  length,  F,  and 
camera  size,  M,  will  be  known,  since  they  are  called  for  in  the 
specifications  for  photography. 

b.  The  first  step  In  multiplex  flying  bei^t  determina¬ 
tion  will  be  to  select  a  strip  of  five  or  six  models  within  which 
one  or  more  Identifiable  points  of  }mown  elevation  appear.  A  datum 
point  near  the  principal  point  of  one  of  the  photographs  is  desirable 
In  order  to  minimize  any  possible  errors  resulting  from  an  inability 


FIG.  6-1.  THEOBY  OF  MDIinPLEX:  FLYING  HEIGBr  DETERMOTATION. 


to  level  the  model  perfectly.  The  entire  strip  is  then  placed  in 
the  multiplex  and  leveled  as  a  xmit.  Cross  fli^t  photography  and 
the  special  BZ  curve  method  are  used  vhere  insufficient  control  is 
available  to  "strip  level"  in  the  conventional  manner.  The  strip 
is  then  carefully  scaled  to  the  Shoran  positions  corresponding  to 
the  two  end  photographs.  In  this  scaling  operation,  tlie  displace¬ 
ments  of  the  tnie  from  the  indicated  photo  plumb  points  are  taJcen 
into  accovmt  by  the  methods  outlined  in  Chapter- VII.  Shoran  posi¬ 
tions  are  then  computed,  using  the  flying  hei^t  value  read  from 
the  recorded  altimeter  plus  any  correction  it  may  be  possible  to 
estimate.  The  work  sheet  plotting  scale  is  selected  so  as  to  pro¬ 
duce  a  projection  distance  an  close  as  possible  to  3^0  mm 
(TM  5-2U4)  . 


Next,  the  model  containing  the  datum  point  is  indi¬ 
vidually  leveled  to  existing  vertical  control,  if  available,  or 
if  not,  by  tipping  the  multiplex  bar  so  as  to  level  the  portion  of 
the  BZ  curve  throu^  the  model  in  question  (Chapter  VII)  .  With 
absolute  model  orientation  thus  established,  the  tracing  table 
reading  of  the  datum  elevation  point  is  noted  and  recorded.  The 
projector  having  its  principal  point  nearest  the  datum  point,  is 
then  leveled  with  the  tip  and  tilt  screws,  using  the  multiplex 
nadirscope  (Fig.  7-^)  for  reference.  The  projected  diapositlve 
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size  can  now  lie  meaBurad  In  the  plane  of  the  datum  elevation. 

Measuresnent  of  the  projected  frame  dimension  Is  made 
hy  resetting  and  locking  the  platen  at  the  previous  tracing  table 
reading  of  the  datum  point.  The  dot  of  ll^t  Is  placed  first  at 
one  and  then  at  the  opposite  image  edge  near  the  fiducial  marks  and 
the  points  are  projected  to  the  work  sheet  hy  dropping  the  pencil 
point.  Frame  dimensions  in  either  direction  may  he  used,  hut  the 
length  In  line  of  fli^t  can  usually  he  measured  with  greatest 
accuracy.  This  operation  is  very  exacting,  and  must  he  perfonned 
with  the  xttmost  care.  It  may  even  he  deslrahle  to  replace  the  pen¬ 
cil  with  an  accurately  centered  metal  point  during  this  step.  Mea- 
BureDient  of  the  distance  between  the  plotted  points  Is  accomplished 
with  a  heam  compass  and  meter  har.  Beadlngs  are  recorded  to  the 
nearest  .02  mm.  Exposure  hel^t  Is  then  detemlned  hy  suhstltution 
In  the  following  formulas 

H  =  .  F  ♦  A 

MS 

=  Exposure  hei^t  above  sea  level.  In  feet 
«  Projected  dispositive  size  (In  mlUlmetorB) 

In  the  plane  of  datum  elevation 
•  Camera  frame  size  (in  millimeters)  between 
opposite  fiducial  marks  and  corresponding 
to  measurement  of  projected  dlaposltive 
s  Horizontal  model  scale,  expressed  as  a 
representative  fraction 
»  Calibrated  focal  length  of  aerial  >  anera, 
in  millimeters 

a  Elevation  of  datum  point  above  sea  level. 

In  feet 

Of  course.  If  the  altimeter  readings  show  a  deviation  from  the  mean 
for  the  partlcrilar  exposure  used  in  this  determination,  a  corre¬ 
sponding  correction  must  he  added  in  order  to  establish  the  true 
moan  flying  hel^t  of  the  entire  mission. 


where  H 

D 

M 

S 

F 
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CHAPTER  Vn 

MDUIPLSI  BZ  CURVE  ORlElin'ATIOW  METHODS 
AM)  BEL/fflD  AHXILIAlg  BqpiEMiaiT 

1-  The  BZ  Cturve  Method.  Multiplex  operations  Involving 
either  flying  kel^t  deteimlnatlon  or,  later,  map  compilation  re- 
qiulre  absolute  orientation  of  the  models  In  units  of  about  seven 
projectors  each.  Since  Shoran  control  Is  effective  at  the  photo 
plumb  points.  It  Is  necessazy  that  orientation  bo  sufficiently  accu¬ 
rate  to  Insure  proper  recovery  of  those  plumb  points.  Multiplex 
equlpnont  furnishes  reliable  horizontal  accuracy  throu^out  an  ex¬ 
tension  of  seven  exposures,  but  the  accrued  error  In  projection  tilt 
will  usually  become  too  groat  to  penult  the  use  of  the  Indicated 
projector  plumb  points  In  scaling  to  the  Shoran  positions.  The  BZ 
curve  provides  a  means  of  overcoming  this  difficulty.  In  areas 
where  Identifiable  vertical  control  Is  available  at  each  end  of  the 
strips,  leveling  can  be  accomplished  by  adjusting  the  handidieels 
and  foot  screws  of  the  multiplex  frame  until  the  best  average  fit 
to  the  points  Is  obtained.  The  BZ  curve  method  is  then  needed  only 
to  find  the  displacement  of  the  true  photo  plumb  points  from  the 
projector  plumb  points.  Froq.uently,  however,  Shoran  mapping  opera¬ 
tions  must  be  conducted  over  areas  ^ere  very  little  control,  either 
vertical  or  horizontal,  exists;  hence,  the  problem  of  establishing 
proper  horizontallzatlon  becames  Important.  Tfader  these  conditions 
the  BZ  curve  method  also  provides  a  means  of  strip  leveling  In  which 
only  the  differences  In  exposure  heights,  as  indicated  by  the  baro¬ 
metric  altimeter,  are  used. 

In  the  extension  of  multiplex  models  from  a  correctly 
oriented  starting  model.  It  Is  usually  found  that  the  hel^t  of  ad¬ 
jacent  projectors  graducdly  decreases,  even  though  the  aircraft 
flying  hei^t  remained  constant  throu^out  the  entire  strip.  This 
phenomenon,  at  least  In  part,  results  from  the  distortion  introduced 
by  the  particular  aerial -camera— reduct  ion -printer  coniblnatlon  used 
In  making  the  dlaposltlves ,  and,  from  the  position  on  either  side  of 
the  fll^t  line  at  which  parallax  was  removed  frraa  the  models.  If 
projector  hel^t  Is  plotted  against  distance  along  the  fll^t  line, 
and  a  smooth  line  drawn  approximately  throu^  the  points,  a  BZ 
curve  of  the  type  shown  in  Fig.  7-1  vill  result.  An  exaggerated 
vertical  scale  Is  used  to  eni^hasize  the  curvature.  Any  slight  de¬ 
viation  of  the  plotted  heights  from  a  smooth  ctirve  is  probably  a 
resiilt  of  small  variations  In  projector  principal  distances,  or  of 
differences  In  the  way  parallax  was  removed  in  the  different  models. 

a.  The  actual  preparation  of  a  BZ  curve  requires  the 
measurement  of  the  hel^t  differences,  and  of  the  horizontal  spac¬ 
ing  of  a  group  of  projectors  that  have  been  brought  into  correct 
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relative  orientation.  (The  latter  is  done  "by  the  removal  of  paral¬ 
lax  tieing  together  the  models  hy  bringing  ccmmon  pass  points 
along  the  fli^t  line  to  the  same  elevation.)  Extreme  care  must  he 
taken  at  «.n  stages  in  the  operation,  and  it  is  especially  important 
that  parallax  he  reaooved  at  the  same  distance  above  and  helov  the 
fll^t  line  in  all  models.  In  places  where  no  vertical  control  is 
available,  the  first  model  is  leveled  as  nearly  as  possible,  using 
estimates  of  the  height  of  terrain  features.  The  remaining  five  or 
six  models  are  then  "tied  in"  and  the  strip  is  adjusted  to  an 
approximate  working  scale  by  fitting  the  principal  points  of  the 
end  projectors  to  their  corresponding  Shoran  positions.  If  true 
flying  height  has  not  been  established  at  this  i>oint,  Shoran  posi¬ 
tions  are  computed  from  the  best  available  estimate,  usually  based 
on  readings  of  the  recorded  el-timoter. 

The  BZ  cmrve  for  this  orientation  can  now  be  prepared. 
Either  of  the  and  projectors  is  selected  as  the  starting  point  and 
its  position  is  taken  as  the  origin  of  coordinates  of  the  graph. 
Plotting  is  beat  done  on  graph  paper  having  10  by  10  aq.uares  to  the 
inch,  using  a  horlzontaJ.  scale  of  1  inch  on  the  graph  eq.ual  to  200 
mm  on  the  work  sheet,  and  a  vertical  scale  of  1  inch  on  the  graph 
eq,ual  to  2  mm  in  projector  height.  The  abscissas  are  determined  by 
spotting  the  projector  plumb  points  with  the  multiplex  nadirscope 
and  scaling  distances  along  the  flight  line  from  the  first  projector 
with  an  ordinary  millimeter  rule.  Ordinates  are  established  by  tak¬ 
ing  multiplex  height  gage  readings  to  the  top  of  the  boss  of  each 
projector,  and  then  subtracting  the  reading  of  the  starting  projec¬ 
tor  from  that  of  the  others.  It  is  also  necessary  that  a  correction 
be  applied  to  the  hei^t  of  any  exposure  for  which  the  recorded 
altimeter  shows  a  deviation  in  flying  hei^t  from  that  of  the  start¬ 
ing  projector.  The  amount  of  the  correction  is  e<iual  to  the  eleva¬ 
tion  difference  converted  to  mlHimsterB  at  the  model  scale  and,  as 
a  result,  the  plotted  position  nnist  bo  moved  up  in  cases  where  the 
exposure  hei^t  is  lower  than  that  of  the  first  projector.  A  smooth 
curve,  that  passes  as  nearly  as  possible  throu^  all  the  plotted 
points,  is  drawn.  Sll^t  deviations  of  the  points  from  the  curve 
are  pezmissible  if  exact  coincidence  would  tend  to  introduce  uneven¬ 
ness. 


b.  This  initial  c\irve  shows  the  approximate  strip  ori¬ 
entation  (in  line  of  fl  Igjht)  as  based  on  the  estimated  horizontall- 
zation  of  the  starting  model.  The  entire  strip  can  now  bo  lovexed 
in  the  X,  or  "tip,"  direction  by  adjusting  the  handvdioels  at  each 
end  of  the  frame  so  that  the  ordinates  of  the  BZ  curve  are  the  same 
at  the  two  points  representing  the  end  projectors.  This  means  that 
the  end  projectors  will  be  brought  to  the  same  height  above  the 
table,  after  consideration  is  given  to  the  correction  for  flying 
height  differences  and  to  any  correction  resulting  from  the 

falltiro  of  the  curve  to  pass  exactly  throu^  the  plotted  positions. 


TO.  7-2*  TT2TDML  "LEVIL"  BZ  CURTl  BBDinia  MBEHCP  Of  COnOBT- 

na  IQS  rjdSE  tip. 
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The  filial  BZ  cxirre  can  nov  Be  prepared  in  exactly  the  same  manner 
aa  the  first.  Fig.  7-2  Illustrates  a  "level"  BZ  cxirve  of  this  type. 
In  actual  operations  the  end  projectors  are  adjusted  to  the  same 
elevation,  plus  any  correction  for  flying  hel^t  difference,  Im¬ 
mediately  after  hrlnglng  the  strip  to  approximate  scale.  Ija  most 
instances,  this  produces  a  level  curve  at  the  first  atteaxpt,  since 
only  rarely  will  a  smooth  curve  fall  to  pass  throu^  the  end  points. 

The  level  BZ  curve  is  assimied  to  represent  the  pro¬ 
file  of  a  horizontal  ground  line  throu^  the  multiplex  models. 
Elevations  directly  beneath  the  end  projectors  are  taken  as  being 
true,  and  elevations  at  other  points  along  the  fli^t  line  are  cor¬ 
rected  by  subtracting  an  amount  eq,ual  to  the  ordinate  of  the  curve 
at  that  point.  In  this  manner,  a  line  of  correct  relative  eleva¬ 
tions  can  be  established  along  the  fllgjit  line  of  any  strip.  Points 
on  either  aide  of  the  cOTiter  are  likely  to  contain  rather  large 
errors,  however,  unless  the  model  level  in  the  tilt  (Y)  direction 
can  be  established  throu^  reference  to  wide  flat  rivers,  large 
bodies  of  water,  or  other  reliable  elevation  features.  To  overcome 
this  limitation,  the  fll^t  plan  Illustrated  in  Fig.  4-1  is  usually 
used  in  areas  with  little  or  no  vertical  control.  This  arrangement 
of  fll^t  strips  permits  the  establishment  of  lines  of  correct  rela¬ 
tive  elevation  at  rl^t  angles  to  the  normal  mapping  photography 
and  at  intervals  of  about  every  five  or  six  models.  The  regular 
parallel  flight  strips  can  then  be  leveled  in  the  tip  direction  by 
the  BZ  curve  method  and  in  the  tilt  direction  throu^  reference  to 
the  elevation  differences  established  along  the  center  lines  of  the 
cross  flints. 


c.  Another  application  of  the  BZ  curve  is  its  use  in 
finding  the  displacement  between  the  true  jhoto  plumb  point  and  the 
point  directly  beneath  the  projector  lens  as  indicated  by  the  multi¬ 
plex  nadirscope.  Where  the  models  can  be  individually  oriented, 
these  two  points  are  the  same.  In  strip  orientation,  however,  the 
fall -off  in  projector  height  also  introduces  a  "false  tip"  which 
must  be  analyzed  and  corrected  in  the  course  of  scaling  to  Shoran 
control  (Fig.  7-2  Illustrates  the  method  used).  The  false  tip  in 
any  projector  is  the  an^e  between  a  horizontal  line  and  a  tangent 
to  the  curve  at  the  point  representing  the  projector.  The  displace¬ 
ment  between  the  true  photo  plumb  point  and  the  indicated  projector 
plumb  point  is  eq.ual  to  the  projection  distance  times  the  tangent 
of  the  angle  of  false  tip.  In  practice,  the  projection  distance  is 
fomd  by  measuring  the  vertical  distance  from  the  model  stirface  at 
the  indicated  plumb  point  to  the  top  of  the  projector  boss,  and  than 
subtracting  the  distance  from  the  emergent  node  of  the  lens  to  the 
top  of  4;he  boss  In  this  operation,  the  hei^t  of  the  top  of  the 
boss*  ■'bfove  the  emergent  node  may  be  considered  a  constant  of  3  *89 
mm  for  ail  Aimy  projectoie.  The  tangent  of  the  false  tip  angle  is 
merely  the  slope  of  the  line  tangent  to  the  curve  expressed  as  a 
ratio  of  ordinates  to  abscissas. 
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FIG,  7-3.  MDIITXPLEr  SETCaT  GAGS  WITH  AOTACHEa)  IHDlEATaR  DIAL. 
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Proper  orioatatlon  of  tlie  nmltlplei  stripe  3?0q.uireB 
adjustment  of  the  scale  so  as  to  obtain  the  beat  average  fit  of  all 
photo  plvmib  points  to  their  corresponding  Shoran  positions.  Be¬ 
cause  of  the  presence  of  false  tip  a  nev  scale  point  must  be  spotted 
for  each  plotted  Shoran  position  so  as  to  penult  use  of  the  indi¬ 
cated  projector  plumb  points.  With  the  normal  "concave  dx>wnward" 

BZ  curve  the  displacement  of  the  now  scale  points  will  be  smalleBt 
at  the  center  of  the  strip  and  will  increase  toward  the  ends.  The 
direction  of  this  displacement  from  the  plotted  points  will  be  out¬ 
ward  from  the  center  and  along  a  line  parallel  to  the  line  of  fli^t . 

d.  Occaualonally,  the  BZ  curve  may  take  the  form  of  a 
strai^t  horizontal  line  and,  in  rare  instances,  may  be  concave  up¬ 
ward.  Under  such  conditions  the  same  general  principles  still  apply, 
but  care  must  be  taken  to  alter  the  sign  of  the  elevation  and  dis¬ 
placement  corrections  accordingly.  It  should  also  be  noted  that 
different  operators  may  not  secure  Identical  BZ  curves  from  exten¬ 
sions  of  the  same  atrip,  nor  will  the  same  operator  always  duplicate 
his  first  curve  when  orienting  a  strip  for  the  second  time.  In 
either  case,  however,  the  final  net  results  should  be  about  the 
same.  It  is,  therefore,  necessary  to  redraw  the  BZ  curve  com¬ 
pute  a  new  set  of  corrections  at  any  time  a  strip  must  be  oriented 
for  a  second  time. 

2.  Multiplex  Hiei^t  Gage.  Vertical  distances  needed  in  multi¬ 
plex  operations  are  made  with  the  hei^t  gage  and  indicator  (feeler 
gage)  shown  in  Fig.  Y-5.  The  Instrument  is  calibrated  to  read  in 
mlHimeters  on  one  side  of  the  rule  and  in  inches  on  the  other.  A 
vernier  pemits  direct  readings  of  .02  mm  or  .001  inch,  thou^  only 
the  millimeter  readings  will  normally  be  used  in  mviltiplex  work. 

The  primary  functions  of  the  hei^t  gags  are  the  measurement  of 
height  differences  to  the  tops  of  the  projector  bosses  and  the 
establishment  of  vertical  distance  from  the  tracing  table  platen  to 
the  top  of  a  projector  boss.  Since  the  rule  is  calibrated  from  an 
arbitrary  datum,  only  hei^t  differences  and  not  heists  above  the 
surface  on  \dilch  the  base  is  set  can  be  obtained. 

The  dial  Indicator  is  attached  to  the  horizontal  stud  of 
the  hel^t  gags  vernier  and  the  switch  lever  is  adjiisted  so  that 
the  pointer  rotates  as  pressure  is  applied  to  the  under  side  of  the 
ball  feeler  point.  This  feeler  point  can  be  adjusted  to  almost  any 
convenient  angle  but  the  setting  must  remain  constant  throu^out 
any  series  of  laeasurements .  Beadlngs  to  the  top  of  any  surface  are 
then  made  by  adjusting  the  vernier  until  the  indicator  dial  reaches 
a  pre-selected  constant  reading.  In  this  manner,  a  constant  pres¬ 
sure  is  applied  in  the  measurement  to  all  surfaces  and  a  true  hei^t 
difference  is  assured.  In  order  to  read  to  the  top  of  a  rounded 
surface  such  as  the  inojector  boss,  the  entire  gage  is  moved  slight¬ 
ly  back  and  forth  so  that  movement  of  the  indicator  dial  will  reveal 
the  hl^  point  on  the  surface. 
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5.  Nadlracope .  The  nadirscope  (?lgB.  7-*^  and  7-5)  Is  used 
to  find  the  point  vorticany  helow  a  multiplex  projector  lens. 
Standard  Corps  of  Engineers  nomenclature  is  "Hadiracope,  Photogram- 
metric,  for  MiHtiplex  Tracing  Table.”  It  consists  of  a  finely 
etched  cross  suspended  directly  over  the  dot  of  li^t  in  the  trac¬ 
ing  table  platen.  Moving  the  table  around  until  the  dot  of  light 
is  centered  in  the  shadow  of  the  cross  brings  the  table  directly 
under  the  projector  lens  and  peimlts  the  plumb  point  to  be  mai'lced 
by  dropping  the  pencil  point.  The  instrument  may  also  be  used  in 
leveling  a  projector  since  the  principal  point  and  nadir  point  are 
coincident  when  the  projector  is  truly  level.  In  this  operation 
the  tracing  table  is  first  set  at  the  projector  plumb  point  and  the 
tip  and  tilt  screws  adjusted  imtil  the  principal  point  is  centered 
over  the  dot  of  ll^t. 

Tn  attaching  the  nadirscope  to  the  tracing  table  a  bind¬ 
ing  of  the  sliding  parts  may  sameti^s  be  encountered  as  a  result 
of  variation  in  the  spacing  of  the  vertical  columns .  The  use  of 
thin  hViIttih  will  ordinarily  relieve  this  situation.  Once  In  posi¬ 
tion,  it  can  bo  loft  in  place  since  the  cross  hairs  slide  out  of  the 
way  when  not  needed.  When  the  nadirscope  is  in  use,  the  frame  is 
locked  into  position  with  the  knurled  screw  and  the  tracing  table 
platen  lowered  so  as  to  give  the  greatest  possible  distance  between 
cross  hairs  and  shadow.  It  is  also  necessary  that  the  centering  be 
chocked  from  time  to  time  to  insure  that  vertlcality  of  pencil, 
point  of  li^t,  and  cross  hairs  i^emains  true.  Any  necessary  adjust - 
msnt  is  started  by  making  sure  that  the  pencil  is  exactly  centered 
under  the  dot  of  li^t  with  the  platen  at  its  lowest  position. 

Next,  the  plumb  point  of  a  projector  is  plotted.  The  entire  tracing 
table  is  then  stated  throu^  180°  and  the  plumb  point  is  again 
plotted.  Any  displacement  between  the  two  plotted  points  represents 
twice  the  centering  error  and  must  be  removed  by  means  of  the  ad¬ 
justing  screws  of  the  nadirscope.  Exact  centering  is  achieved  by 
repeating  the  piocedure  until  coincidence  is  obtained.  As  a  final 
check,  the  cross  hairs  should  be  moved  out  of  position  and  then 
back  and  the  test  re-run  to  be  sure  that  the  frame  always  returns 
to  the  same  position. 
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CHAPTER  VIII 
MDIfflPLEI  MAPPIHG 
VZTE  ABEA  COVERASB  PHOTOGSAPEY 


1.  General.  The  nature  of  Shoran  control  is  such  that  multi¬ 
plex  scaling  cannot  be  accompllehed  in  the  normal  manner.  Various 
randxm  errors  inherent  In  present  eq.ulpBiant  preclude  absolute  reli¬ 
ance  on  any  one  point,  even  uhen  sufficient  vertical  control  is 
available  to  permit  positive  recovery  of  the  photo  plumb  points. 
Maximum  accuracy  is  obtained  by  scaling  the  nadir  points  of  all 
photographs  in  the  area  to  the  best  average  fit  of  the  correspond¬ 
ing  Shoran  positions.  In  this  way,  part  of  the  random  error  is 
averaged  out  so  as  to  produce  a  map  vith  greater  internal  accuracy 
than  could  othervlse  be  expected.  The  desired  results  are  obtained 
by  first  orienting  the  photography  in  strips  of  five  to  seven  models 
each  and  scaling  to  the  best  mean  fit  of  the  Shoran  positions.  Pass 
points  common  to  adjacent  strip  units  are  than  spotted  along  the 
edges  of  the  plotting  sheets.  Finally,  the  several  sheets  compris¬ 
ing  one  vorh  area  are  matched  along  the  grid  lines  and  common  detail 
points  are  examined  for  coincidence.  Pass  points  can  then  bo  graph¬ 
ically  adjusted  to  remove  any  evidenced  intemaJ  position  or  scale 
disagreement.  Once  these  corrections  have  been  made,  compilation 
of  map  detail  is  accomplished  in  the  conventional  manner. 

2.  Preparation  of  Plotting  Sheets.  Shoran  points  are  norm¬ 
ally  plottea  on  ih-e  IWM  grid  thou^  occasionally  the  Shoran  grid 
will  be  employed.  In  either  case,  the  general  procedure  will  be 
the  same  because  both  are  rectangular  grids.  Spacing  of  the  grid 
lines  will  depend  largely  upon  the  scale  to  be  used  in  the  multi¬ 
plex  operations,  thoii^  a  distance  of  from  four  to  six  inches  on 
the  plotting  ahrot  la  usually  desirable.  For  example,  an  IntermL 
of  2,000  meters  will  bo  found  aatisfe^tory  for  plotting  scales  of 
approxlmatoly  1*17,000. 

To  facilitate  the  planning  of  sheet  layout,  the  U39f  grid 
should  be  constructed  on  one  copy  of  the  photo  index.  This  can  be 
done  with  sufficient  accuracy  by  noting  the  coordinates  of  the  cen¬ 
ters  (plumb  points)  of  comer  photographs,  interT?olatlng  for  the 
intermediate  even  grid  values,  and  connecting  appropriate  points 
with  stral^t  lines.  The  line  Interval  should  correspond  to  that 
used  on  the  plotting  eheets  and  the  grid  drawn  in  light  colored  Inh 
BO  as  to  provide  good  contrast  with  the  darlc  index.  A  geographic 
grid  representing  borders  of  the  piiblished  map  sheets  can  be  added 
by  computing  the  HODM  coordinates  of  the  necessary  Intersectlona  eoad 
then  connecting  the  plotted  positions. 

The  control  extension  sheets  should  be  of  some  stable, 
transparent  medium  such  as  acetate.  Standard  nomanclature  for  this 


114 


materieil  is  "celxilos©  acetate,  translucent  Eastman  Safety  topogra¬ 
phic  acetate  sheeting/'  Each  sheet  must  he  large  enou^  to  Include 
all  detail  within  the  strip  and  extend  sufficiently  far  to  permit 
the  matching  of  the  grid  intersections  with  those  of  adjacent  sheets. 
Sheets  are  laid  out  rou^ly  parallel  to  the  fli^t  lines,  with  proper 
grid  orientation  and  numherlng  of  the  lines  established  throti^ 
reference  to  the  photo  index.  If  only  a  small  number  of  sheets  is 
required,  the  grid  may  he  constructed  individually  on  each  sheet. 
Frequently,  however,  greater  efficiency  will  he  attained  hy  con¬ 
structing  one  master  grid  and  then  tracing  the  others,  varying  the 
nimibering  and  orientation  as  required  hy  the  indlvidu^  sheets. 
Extreme  care  must  he  taken  in  this  tracing  operation  to  avoid  ser¬ 
ious  drafting  and  parallax  errors.  After  the  grid  has  been  drawn, 
the  Shoran  points  corresponding  to  each  photograph  of  the  atrip  are 
plotted  and  the  plotting  is  checked  hy  a  separate  draftsman.  The 
sheet  is  then  ready  for  use  hy  the  multiplex  operator. 

Strip  Orientation,  Since  the  recovery  of  true  photo  plumb 
points  is  of  great  importance  in  scaling  to  Shoran  control,  prime 
consideration  must  he  given  to  establishing  correct  multiplex  pro¬ 
jector  tilts.  It  is  also  necessary  that  the  photography  he  set  in 
strips  of  several  models  so  as  to  enable  scaling  to  the  best  mean 
fit  of  several,  points.  Parallax  must  he  carefully  removed  and  all 
models  "tied  together"  hy  bringing  common  pass  points  to  the  same 
elevation  reading.  In  areas  where  sufficient  vertical  control  is 
available,  the  unit  is  strip-leveled  hy  reference  to  points  in  each 
comer.  Otherwise,  leveling  is  accomplished  throu^  the  use  of 
cross  fli^t  photography  and  the  BZ  curve  method  discussed  in 
Chapter  YII, 

When  proper  strip  orientation  has  been  established  and 
the  BZ  curve  drawn,  points  to  which  the  strip  is  to  he  scaled  are 
plotted  hy  laying  off  the  distance  between  true  and  indicated  pro¬ 
jector  plumb  points  along  a  line  parallel  to  the  line  of  fli^t 
(Chapter  VII)  ,  The  strip  is  then  scaled  so  as  to  obtain  the  best 
average  fit  of  Indicated  plumb  points  to  their  corresponding  modi¬ 
fied  Shoran  positions.  Several  trials  are  often  necessary  before 
the  best  average  fit  is  realized. 

Pass  points  common  to  adjacent  flights  are  next  picked 
along  the  ends  and  sides  of  the  strip.  As  later  steps  reqtiire  the 
orientation  of  individual  models  for  detail  compilation,  care  must 
be  taken  to  spot  at  least  four  horizonteil  points  per  model.  If 
ground  vertical  control  la  unavailable,  it  will  also  be  necessary 
to  pick  sufficient  vertical  pass  points  to  permit  releveling  of  the 
separate  models.  The  elevation  of  vertical  points,  of  co\arse,  must 
be  corrected  for  slope  of  the  BZ  curve.  • 

4,  Adjustment  of  Strips  to  a  Common  Datum.  It  will  usually 
be  found  that  the  positions  of  comiaon  pass  points  as  plotted  from 
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adjacent  atrip  units  will  fall  to  coincide  perfectly,  when  the 
sheets  are  matched  along  the  grid  lines.  Adjustment  of  the  mits 
so  as  to  remove  these  Inconsistencies  will  facilitate  plotting 
operations  and  also  help  to  average  out  further  some  of  the  ran¬ 
dom.  Shoran  error.  This  step  is  e.ccompllshed  through  the  prepara¬ 
tion  of  a  sketch  similar  to  that  shown  in  Fig.  8-1.  Eero  the  dis¬ 
crepancies  "between  units,  as  indicated  "by  the  pass  points,  are 
shown  to  some  convenient  scale  and  used  as  a  guide  to  indicate 
where  sli{;h"b  movement  or  rotation  of  some  of  the  units  would  tend 
to  improve  the  over -all  continuity  of  the  map.  The  sketch  is  pre¬ 
pared  on  cross-section  paper  and  arranged  so  that  the  line  separa¬ 
tion  is  eq.ual  to  some  even  unit  of  pass  point  discrepancy.  The 
vise  of  10  hy  10  to  the  inch  cross-section  paper  with  a  scale  of  1 
mm  on  the  map  equal  to  0.1  inch  on  the  graph  paper  will  prove 
satisfactory.  The  rectangular  areas  representing  the  strip  units 
are  not,  of  course,  shown  to  the  same  scale. 

The  adjustment  is  made  by  moving  the  pass  points  on  the 
plotting  sheets  after  a  study  of  the  working  sketch  has  indicated 
the  proper  amount  and  direction.  For  example,  in  Fig.  8-1  the 
pass  points  in  the  tnlt  containing  exposures  21  throu^  25  should 
be  moved  so  as  to  correspond  both  to  a  clockwise  rotation  and  to  a. 
movement  of  the  entire  vinit  to  the  ri^t.  Every  point  in  the 
strip  must  be  moved  so  that,  in  effect,  the  net  result  represents 


FIG.  8-1.  NON-UNnXDIMITY  OF  OVER-ALL  DETAIL  ORIEHTATIOR  AS 
mOlDATED  BY  PASS  POINTS  PICKED  FROM  ADJACENT  STRIP  UNITS. 
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only  a  shift  of  the  area  with  respect  to  the  grid.  Itoee.  Heit,  the 
pass  points  in  the  unit  containing  exposures  43  through  51  are  moved 
so  as  to  Introduce  a  sli^t  downward  displacement  and  the  unit  with 
expoe\jrea  52  throu^  57  is  moved  sli^tly  upward.  Finally,  the 
strips  having  exposures  92  through  100  and  exposures  102  throu^  112 
are  given  a  small  clockwise  rotation  in  order  to  bring  the  left  hand 
one-third  of  the  total  area  into  coincidence.  Pass  points  in  the 
center  and  rl^t-hand  thirds  aie  then  adjusted  in  a  somewhat  similar 
manner  so  as  to  produce  the  desired  uni fo unity  throu^out  the  entire 
area.  Occasionally,  as  in  exposures  ll4  throu^  118,  a  scale  ad¬ 
justment  within  one  unit  may  be  indicated.  At  other  times  the 
agreement  between  stripe  may  be  such  that  no  manipulation  of  the 
pass  points  will  be  req.ulr0d. 

The  actual  adjustment  procedure  followed  in  any  particular 
area  is  somewhat  arbitrary  and  depends  upon  the  skill  and  experience 
of  the  operator.  Different  operators  will  not  necessarily  produce 
identical  results.  However,  experience  has  shown  that  the  result¬ 
ing  improvement  in  position  agreement  between  adjacent  models  defi¬ 
nitely  increases  the  ease  with  which  compilation  can  be  perfonned 
and  produces  improved  accuracy  in  the  final  map. 

5,  Plotting.  Miiltiplex  detail  plotting  of  the  Shoran- 
controUed  map  is  no  different  from  that  of  other  type  maps.  Some¬ 
times,  the  models  will  be  drawn  Individually  using  sheets  on  which 
the  adjusted  control  has  been  traced.  At  other  times,  the  sheets 
used  during  the  scaling  operation  will  be  supplied.  Where  contours 
or  form  lines  are  to  be  drawn,  the  models  are  leveled  either  to 
ground  control  or  to  the  pass  points  obtained  by  the  BZ  curve  method 
outlined  in  paragraph  7  of  this  chapter. 

6,  Preparation  of  the  Geographic  Graticule.  The  geographic 
graticule  noimally  will  be  added  to  the  map  manuscript  after  com¬ 
pilation  has  bean  completed  and  prior  to  reproduction  operations. 
Line  spacing  depends  upon  map  scale.  Usually,  each  five  or  ten 
minute  line  of .  latitude  and  longitude  will  be  shown.  Where  ground 
station  positions  were  known  and  the  UEM  grid  was  used  for  plotting 
the  Shoran  control,  this  is  accomplished  by  computing  and  plotting 
the  grid  coordinates  of  appropriate  intersection  points  and  then 
connecting  the  points  with  stral^t  lines.  Occasionally,  where 
later  survey  operations  have  positioned  the  ground  stations,  it 
will  be  possible  to  add  a  geographic  graticule  to  maps  originally  * 
compiled  on  the  Shoran  grid.  The  procedure  needed  to  compute  the 
coordinates  of  even  intersection  points  under  these  clrcumatancee 
is  covered  in  paragraph  11,  Chapter  V. 

Several  eirors  in  the  Shoran  system,  tend  to  Introduce  a 
mean  error  in  the  positions  established  on  any  one  mission  and,  in 
effect,  cause  a  shift  of  the  entire  area  with  respect  to  the  grid. 
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If,  however,  one  or  more  identifiable  points  of  horizontal  control 
are  available  within  the  area,  the  greater  part  of  this  error  can 
bo  removed  by  redrawing  the  grid  in  a  sli^tly  displaced  location. 
During  map  compilation,  the  model  positions  of  all  control  points 
are  spotted  and  their  coordinates  are  scaled  from  the  multiplex 
sheets.  The  mean  displacement  of  these  multiplex  positions  from 
their  corresponding  true  locations  as  tabulated  in  trig  lists,  can 
then  be  used  as  a  correction  for  redrawing  the  map  grid. 

7.  Use  of  BZ  Curve  in  Plotting  Topography.  In  most  photo - 
grammetric  mapping  at  scales  of  1:100,000  and  larger,  an  effort 
will  be  made  to  show  the  topography.  Although  Shoran  control  pro¬ 
vides  horizontal  position  only,  some  of  the  methods  used  Ux  estab¬ 
lishing  correct  projector  tilt  will  prove  useful  in  establishing 
the  model  orientation  required  for  contouring  or  fom  lining  in 
areas  where  ground  vertical  control  is  scarce  or  even  non-existent. 
Orientation  in  this  manner  does  not  produce  the  accuracy  attainable 
from  ground  points  but  does  permit  at  least  approximate  contouring 
of  areas  in  which  it  proves  impossible  to  perform  ground  sxirveylng. 
At  leaist  one  point  of  Imown  elevation  is  hi^ly  desirable  so  as  to 
establish  a  proper  datum. 

The  procedures  to  be  used  require  cross  fli^t  photogra¬ 
phy  and  application  of  the  BZ  curve  method  discussed  in  Chapter  VTI. 
The  actual  multiplex  operations  connected  with  verticeJ.  bridging 
are  performed  at  the  same  time  that  horizontal  scale  is  being  es¬ 
tablished.  For  explanatory  purposes,  let  it  be  assumed  that  con¬ 
tours  are  to  be  drawn  in  an  area  covered  by  the  photography  illus¬ 
trated  in  Fig.  ^-1.  The  only  point  of  Imown  elevation  in  the  area 
is  assumed  to  be  located  near  the  intersection  of  flights  6  and  8. 
Fll^t  8  is  first  set  in  the  multiplex  and  leveled  in  the  line  of 
flight  direction  by  the  BZ  curve  method.  If  possible,  the  strip  is 
leveled  in  the  tilt  (Y)  direction  throu^  reference  to  terrain  fea¬ 
tures;  otherwise,  a  portion  of  one  or  more  of  the  flints  at  right 
angles  must  be  set  first  to  provide  the  necessary  control.  In 
either  case,  once  fli^t  8  hae  been  oriented  correctly  a  line  of 
elevations  can  be  established  along  the  center  line  using  the  known 
point  as  an  index  and  applying  the  corrections  indicated  by  the 
shape  of  the  BZ  curve.  (Flints  7  and  8  can  be  set  in  two  sections 
if  the  required  number  of  projectors  is  excessive,  althou^  orienta¬ 
tion  as  single  units  is  desirable.)  The  portion  of  fli^t  1  between 
flights  7  and  8  is  next  oriented  by  the  BZ  curve  method  and  eleva¬ 
tions  are  established  by  indexing  from  the  vertical  pass  points  pre- 
vioTisly  read  from  fll^t  8  at  its  intersection  with  fli^t  1. 

These  elevations  from  flight  8  ed-so  supply  the  Information  needed 
for  approximate  leveling  of  the  strip  in  the  tilt  direction.  Fli^t 
7  and  the  necessary  portion  of  fll^t  6  are  then  set  in  turn  so  as 
to  carry  the  "vertical  traverse”  back  to  the  starting  point  of 
known  elevation.  Any  error  of  closure  is  aesumed  to  be  caused  by  a 
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eoQstant  slope  alcmg  the  center  lines.  Sach  point  can  then  be  cor¬ 
rected  by  an  amount  eg.ual  to  the  error  of  closure  times  the  ratio  of 
distance  from,  the  starting  point  to  the  total  distance  around  the 
loop. 


The  portions  of  flights  1  through  6  bo+ween  flints  7  and 
8  can  now  bo  oriented  in  both  directions.  Each  d^.rlp  is  leveled  in 
the  tip  (X)  direction  with  the  BZ  curve  and  in  the  tilt  (Y)  direc¬ 
tion  by  reference  to  elevations  from  the  cross  flights.  Using  the 
cross  fll^t  elevations  as  an  index^  vertical  pass  points  ccmnnon  to 
adjacent  flints  are  established  in  each  comer  of  each  model.  Once 
again,  of  course,  corrections  for  the  shape  of  the  BZ  curve  are 
applied  as  thougjl  the  points  were  projected  onto  the  center  lino. 
Since  pass  point  elevations  will  probably  not  read  the  same  from 
different  strips,  both  readings  should  be  recorded  and  appropriate 
notations  made  as  to  the  strip  from  which  each  was  taken. 

Finally,  pass  points  throughout  the  entire  area  are  exam¬ 
ined  for  any  indication  as  to  possible  adjustments  that  can  be  made 
to  Improve  the  over-all  agreaosnt.  In  some  instances  discrepancies 
in  readings  from  adjacent  flights  may  indicate  sli^t  errors  in  the 
way  one  flight  vas  leveled  in  tip  or  tilt.  At  other  times,  it  may 
be  noted  that  nearly  all  readings  from  one  flight  are  too  hl^  or 
too  low.  Where  possible,  the  discrepancies  are  eliminated  by  ad¬ 
justing  the  readings.  Of  course,  the  goal  is  to  produce  an  adjust¬ 
ment  such  that,  if  all  flights  wore  to  be  reset,  each  point  woaild 
road  the  same  elevation  in  any  model  in  which  it  appeared.  This 
ideal  will  seldom  bo  achieved  and  therefore  a  certain  amount  of 
averaging  wlH  be  necesseoy  on  soma  of  the  points.  The  final  ad¬ 
justed  points  are  then  used  as  level  points  when  the  models  are 
individually  reset  and  the  contours  delineated. 

The  previous  discussion  has  covered  the  establishment  of 
vertical  pass  points  for  only  the  ri^t-hand  portion  of  the  area 
portrayed  in  Fig,  ^4—1.  Control  of  the  left-hand  portion  is  estab¬ 
lished  by  repeating  the  procedure  with  the  appropriate  exposures. 

8.  Map  Accuracy.  Multiplex  maps  compiled  from  Shoran  area 
coverage  photography  may  contain  both  systegaatlc  and  random  errors. 
The  maga.ltudB  of  these  errors  is  conmtantly  being  reduced  as  a  re¬ 
sult  of  instrement  refinements  and  the  development  of  Improved 
teohniq.uoB  of  calibration  and  sidjustment,  Shoran  tests  run.  in  19^6 
indicated  that,  with  carefully  calibrated  equipment,  the  mean  shift 
of  any  map  sheet  could  be  held  to  less  than  50  feet,  regardleas  of 
the  distance  between  the  area  mapped  and  the  controlling  ground 
stations.  Actually,  a  50-foot  displacement  of  a  map  sheet  that  is 
150  miles  from  the  nearest  control  represents  a  proportional  error 
of  only  1  part  in  15,800.  Also,  the  nature  of  the  error  is  such 
that  adjacent  map  sheets  are  displaced  approximately  the  same  in 
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l>oth  dletanca  and  direction  and  bo  no  significant  mis -matching  of 
detail  hetwaen  sheet  borders  is  introduced.  Althou^  no  recent 
Shoran  i^otography  has  been  tested,  there  is  little  doubt  but  that 
present  day  eq.ulpinont  will  give  still  better  results.  It  should  bo 
noted  that  the  availability  of  occasional  identifiable  ground  con¬ 
trol  points  throu^^out  the  area  being  mapped  would  pemit  the  sheets 
to  be  slipped  into  position  and  thus  eliminate  even  these  small 
errors . 


Random  errors  in  the  Shoran  system  Introduce  localized 
scale  and  azimuth  errors  within  the  map.  The  test  photography 
Indicated  that  Shoran-controlled  coverage  from  20,000  feet  coiild 
produce  maps  with  relative  errors  of  no  more  than  IO5  feet  on  90 
percent  of  the  well-defined  detail  points.  This  would  meet  peace¬ 
time  accuracy  reg.uirement8  for  inch -to -the -mile  mapping  but  falls  a 
little  short  of  the  Is ^0,000  scale  map  standards  which  call  for  90 
percent  of  the  features  to  be  located  within  83  feet.  Since  the 
major  sotirce  of  random  error  in  the  Shoran  equipment  is  thought  to 
result  from  the  inability  of  the  airborne  operator  to  maintain  per¬ 
fect  pip  alinement,  improved  accuracy  will  depend  largely  upon  the 
availability  of  some  type  of  error  meter  (Chapter  I,  paragraph  5 
and  Chapter  IV,  paragraph  3)  •  Instrument  error  is  only  part  of  the 
problem,  however.  A  second  source  of  random  error  is  Introduced 
during  multiplex  operations  by  failure  to  recover  exact  camera  ori¬ 
entation  and,  therefore,  inability  to  select  true  photo  nadir  points. 
Present  plotting  methods  average  out  those  random  errors  somewhat  by 
scaling  several  multiplex  models  as  a  unit  to  corresponding  Shoran 
control.  Nevertheless,  the  relationship  between  photo  tilt  and 
horizontal  map  accuracy  is  one  of  the  most  lu^oxt^ant  considerations 
in  the  entire  mapping  procedure.  Since  Shoran  appears  especially 
adaptable  to  the  mapping  of  remote,  uncontrolled  areas,  proper 
nadir  point  recovery  usually  is  one  of  the  biggest  problems.  In 
such  instances,  the  obteilning  of  cross  flight  photography  and  care¬ 
ful  application  of  the  BZ  curve  method  are  essential.  The  limiting 
factor  in  Shoran  map  accuracy  may  well  prove  to  be  dependent  upon 
the  accuracy  with  ^ich  camera  orientation  can  be  recovered. 
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CHMTXR  n 

SLOTTB)  TlMPLJEr  MAPPUG 

1.  General.  Shoran-oontrolled  area  coverage  or  cross 
photography  sei^m  vlll  he  obtained  specifically  for  mapping  hy 
the  slotted  templet  method.  This  type  of  coverage  ordinarily  viU 
he  used  for  producing  BiaxiTHum  possible  accuracy  in  areas  ufaere 
adequate  ground  control  is  not  available,  for  this  reason,  it 
usually  is  ixxtended  that  the  resulting  network  of  photogramnetrio 
control  will  he  established  hy  multiplex  procedures.  The  slotted 
templet  expedient  may  prove  valmhle  In  preparing  hasty  maps  while 
awaiting  the  slower  hut  more  accurate  multiplex  results. 

In  slotted  templet  mapping,  as  with  multiplex,  the  most 
satisfactory  solution  results  firon  obtaining  the  heat  average  fit 
of  all  photographs  to  their  corresponding  Shoran  positions.  The 
floating  stud  holder  (fig.  9-1)  provides  a  simple  method  of  obtain* 
Ing  this  desired  mean  fit.  It  consists  of  a  circular  metal  frame, 
about  2  inches  in  diameter,  with  four  coil  springs  attached  and  ex¬ 
tending  Inward  to  a  central  maber.  Three  pins  are  fastened  to  the 
under  side  of  the  frame  and  serve  to  hold  it  rigidly  to  the  base 
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grid.  The  central  vaaher  fits  over  a  standard  slotted  templet  stud 
and  pei:mlt8  a  movement  of  about  4  mm  In  any  direction.  The  use  of  ■ 

one  holder  at  each  Shoran  position  allows  the  mtlre  assembly  to  | 

adjust  automatically  to  the  mean  fit  of  all  points. 

Althou^  Shoran  positions  are  effective  at  the  nadir  | 

points,  experience  has  shown  that  photo  principal  points  may  be 

used  as  radial  centers  when  working  with  good  (Quality  mapping  pho»  ■ 

tography.  This  type  photography  usually  contains  tilts  of  no  more  | 

than  a  few  degrees  and,  since  the  resulting  displacement  of  nadir 
frcm  principal  points  is  of  a  random  nature,  the  floating  stud  ■ 

holders  tend  to  average  out  the  tilt  errors  together  with  those  of  g 

the  Shoran  positions.  Ifoless  tilts  can  be  recovered  to  within 

about  10  to  1^  minutes  o^  unless  the  photography  to  be  assembled  ■ 

contains  tilts  of  over  ^  ,  there  Is  no  advantage  to  be  gained  In  | 

attempting  to  recover  the  nadir  points. 

If  Shoran  photography  contains  large  or  constant  tilts,  a  | 

considerable  reduction  In  accuracy  must  be  expected.  Constant  tilts, 
such  as  those  resulting  from  a  fixed  camera  Installation  that  has  ■ 

not  been  perfectly  set  for  aircraft  attitude,  are  somewhat  compen-  | 

sated  if  adjacent  fll^t  lines  have  been  flown  in  opposite  direc¬ 
tions;  In  such  Instances,  the  principal  points  on  all  photos  In  ■ 

one  fll^t  will  be  displaced  from  the  nadir  by  the  same  amount  and  | 

direction.  On  the  adjoining  fli^t,  displacement  a  will  be  in  the 
opposite  direction  and  so  the  errors  will  tend  to  balance  out  >dien  ■ 

two  or  more  flights  are  laid  together.  Occasionally  large  random  | 

tilts,  if  not  detected  from  the  manner  in  which  prints  fit  into  the 
photo  index,  will  be  spotted  during  the  templet  assembly.  Templets  ■ 

made  from  these  prints  will  Introduce  unusually  large  displacements  | 

of  the  floating  stud  holders  from  their  neutral  position.  If  this 
occurs,  the  holder  (or  holders)  in  q.uestion  should  be  removed  and  ■ 

the  principal  point  cansldered  only  as  a  pass  point.  | 

2,  Preparation  of  Base  Sheets.  Slotted  templet  base  sheets  ■ 

for  area  coverage  photo@ra.phy  ai«  prepared  In  much  the  same  manner  | 

as  that  described  for  multiplex  mapping.  The  grid  Is  laid  out  to 
the  approximate  scale  of  the  templets  and  with  a  line  spacing  of  ■ 

from  four  to  six  inches .  Proper  orientation  can  bo  established  by  ■ 

reference  to  a  photo  index  on  which  the  grid  has  been  drawn.  In 

many  cases,  a  single  base  sheet  will  be  sufficient  to  cover  the  ■ 

area  under  consideration.  However,  where  the  assembly  is  large  it  | 

can  bo  brokaa  into  sove3:^  sections  of  about  100  templets  each  (six 
or  ol^t  flints  of  ten  to  twelve  exposures)  .  Since  control  Is  ■ 

available  for  each  photo,  there  is  no  need  to  assemble  the  templets  | 

In  very  large  groups. 

Once  the  grid  has  been  constructed,  the  position  of  each  | 

Shoran  point  is  plotted  and  the  appropriate  exposure  number  is  noted. 
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A  standard  slotted  templet  stud  is  then  planed  over  each  plotted 
point  and  temporarily  held  In  place  hy  driving  a  pin  throii^^  the 
center  of  the  shaft  and  into  the  hase  hoard.  The  floating  stud 
holders  are  placed  In  position  hy  slicing  their  central  washers 
over  the  templet  studs  and  pressing  the  pins  into  the  hase,  care 
being  tafcen  to  prevent  Introducing  any  tension  in  the  springs, 
(standard  Corps  of  Engineers  nomenclature  for  this  item  is  "Stud 
Holder,  floating  control  point,  spring  centered,  for  slotted  tem¬ 
plet  studs.")  Several  ll^t  hammer  taps  around  the  outside  ring 
will  assure  a  firm  seating  of  the  stud  holder.  When  the  strai^t 
pins  holding  the  standard  studs  have  been  removed,  the  sheet  is 
ready  for  assembly  of  the  templets. 

Mazlmvm  slotted  templet  accuracy  results  from  using  each 
Shoran  point  in  the  area.  However,  when  accuracy  can  he  sacrificed 
to  speed,  the  asaemhlles  can  he  laid  using  every  other  point  or 
even  every  third  point  in  alternate  flints.  For  very  rou^^  work, 
two  or  three  points  in  each  comer  and  a  like  number  near  the  cen¬ 
ter  of  each  area  of  100  photos  wlH  he  adequate.  This  reduction  of 
the  numiber  of  points  used  saves  considerable  computation  and  plot¬ 
ting  time. 


3»  Preparation  and  Assembly  of  Templets.  In  all  slotted 
templet  mapping  the  greatest  accuracy  probably  results  when  templets 
are  prepared  from  prints  that  are  about  I5  inches  square.  This  re¬ 
quires  an  enlargement  of  about  I.5  diameters  over  the  usual  9-  by 
9-inch  negative  size.  Tests  indicate  that,  where  Shoran  control  is 
available  for  every  exposure  of  20,000-foot,  T=.5  photography,  assem¬ 
blies  of  templets  that  have  been  enlarged  about  1,5  diameters  will 
have  an  internal  accuracy  of  about  I75  feet  or  less  on  90  percMit 
of  the  well-defined  features.  Similar  tests  \ising  templets  prepared 
from  contact  prints  (9'*  1^7  9-iiich)  yielded  a  relative  map  accuracy 
of  approximately  210  feet.  These  accuracy  figures  are  all  exclu¬ 
sive  of  a  mean  map  position  error  which  can  amount  to  as  much  as  50 
feet  as  a  result  of  Shoran  equipment  error  plus  an  additional 
amount,  possible  50  feet  or  more,  from  inaccuracies  in  the  slotted 
templet  system.  It  can  be  seen,  that  where  a  photograjiiic  enlarger 
is  available  to  the  mapping  unit,  the  templets  for  Shoran-controlled 
assemblies  shoiild  be  prepaid  frOTi  enlargements. 

Photographic  prints  shoxild  be  made  on  double -wei^t  paper 
and  processed  so  as  to  keep  distortion  to  a  minimum.  The  spotting 
of  principal  points  from  opposite  fiducial  marks  and  the  selection 
and  transferring  of  auxiliary  tie  points  around  the  edges  of  ^e 
prints  is  accomplished  in  the  same  manner  as  for  normal  slotted  tem¬ 
plet  work.  With  enlarged  prints,  however,  a  few  more  than  the  usual 
nine  points  per  picture  can  be  selected,  provided  none  are  chosen  so 
near  the  centers  that  the  studs  will  bind  against  the  rim  of  the 
stud  holders  during  assembly.  Any  existing  horizontal  positions  are 
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also  selected  and  marked,  altkou^^  they  are  not  held  rigidly  diirlng 
the  assenhly. 

Tenqplets  are  prepared  from  3-ply  hrlstol  hoard,  or  other 
suitable  material,  hy  placing  the  marked  prints  on  top  and  pricking 
the  point  positions  throu^  to  the  blank  teoqplets.  All  pricked 
points  are  circled  as  an  aid  In  recovery  and  the  principal  points 
are  labeled  to  correspond  to  photo  numbers.  Center  points  can  then 
be  pmched  and  the  wing  points  slotted  using  the  standard  Auny 
equlxment  supplied  for  the  purpose.  The  procedures  followed  In 
laying  the  teiiq;)lets  should  be  those  described  In  TM  modified 

to  Include  floating  stud  holders  md  enlarged  templets.  It  Is  neces¬ 
sary  that  care  be  taken  to  avoid  damaging  the  slots  and  that  the 
assembly  be  tapped  from  time  to  time  to  eliminate  possible  binding 
between  templets.  Fig.  9-2  shows  a  typical  slotted  templet  lay- 
down  being  prepared.  After  completion,  all  stud  positions  are 
marked  to  provide  a  control  network  for  use  In  map  compilation  by 
any  of  the  several  possible  methods. 

k.  Finishing.  Where  occasional  ground  control  points  are 
available  wltkln  the  mapped  area,  a  sll^t  Improvement  In  absolute 
position  can  be  obtained  by  shifting  the  grid  In  the  manner  that  is 
described  for  multiplex  maps  (Chapter  VIII,  paragraph  6) .  Also  ,  It 
must  bo  remembered  during  compilation  and  final  drafting  that  any 
map  detail  at,  or  near,  existing  control  points  should  eigree  with 
the  descriptions  of  the  stations.  Because  of  random  errors  throu^- 
out  the  mapping  process,  this  desirable  condition  may  require 
special  attention.  After  compilation  has  been  completed,  all  con¬ 
trol  points  that  are  to  be  shown  on  the  final  map  are  carefully 
plotted  from  their  known  coordinates.  Detail  in  the  nei^borhood 
of  these  points  can  then  be  shifted  tp  confoim  to  true  ground  con¬ 
ditions  .  The  required  movement  usually  is  smal.l  but  the  results 
will  greatly  enhance  the  appearance  of  the  published  map. 


FIG.  9-2.  SBOEAU-CORTEOLLEn)  SLOTTED  TEMPLET  ASSEMBLY  IKING 
FLOATING  STUD  HOLDERS. 
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CEAFTSR  X 
PHOTOMAPS 

1.  General.  This  chapter  dbsals  primarily  vlth  the  special 

technlqLues  required  In  applying  Shoran  control  to  mos£d.c]i:lng.  The 
detailed  procedures  needed  In  the  actual  preparation  and  assembling 
of  photographs  Is  covered  In  TM  Shoran  points  may  be  used 

to  provide  over-all  scale  and  position  to  otherwise  uncontrolled 
mosaics,  and  to  prepare  both  semi -controlled  and  controlled  mosaics. 
The  particular  method  to  be  employed  will  depend  largely  upon  the 
accuracy  requirements  of  the  finished  map  and  upon  the  time  avail¬ 
able  for  Its  preparation.  Because  of  the  speed  vlth  which  they  can 
be  produced,  uncontrolled  and  semi  .controlled  mosedcs  are  used  ex¬ 
tensively  during  wartime.  Fully  controlled  mosedcs,  however,  re¬ 
quire  aibout  as  much  time  to  prepare  as  do  complete  planlmetrlc  maps 
and  so  they  are  of  military  value  only  In  special  cases.  The  abil¬ 
ity  to  Indicate  absolute  position  through  the  delineation  of  a 
graticule  on  the  flrdahed  photomaps  assumes,  of  course,  that  the 
geographic  positions  of  the  Shoran  ground  stations  are  known. 

2.  Establishing  Scale  and  Position  of  Hncontrolled  Mosaics . 
The  fastest  method  o:f  preparing  pkotomaps  Is  to  orient  and  assemble 
the  photographs  by  simply  matching  detail  In  the  overlapping  area 
common  to  adjacent  prints.  Although-  such  mosaics  often  contain 
serious  scale  and  azimuth  errors,  the  speed  with  which  they  can  be 
prepared  makes  them  valuable  expedients  In  many  tactical  situations . 
Kormally,  the  determination  of  absolute  scEde  and  position  has  been 
dependent  upon  the  recovery  of  Identifiable  ground  positions.  With¬ 
out  ground  control,  absolute  position  was  unobtainable,  althou^ 
scale  could  be  determined  rou^dy  from  the  focal  length  of  the 
aerial  camera  and  barometric  Gilttmeter  readings  of  flying  height. 

The  availability  of  Shoran  positions  permits  fairly  reliable  re¬ 
covery  of  absolute  scale  and  position  without  materially  Increasing 
the  production  time. 

Scale  Is  established  by  cceqparlng  the  distances  between 
Shoran  points  on  the  completed  mosaic  assembly  with  the  equivalent 
ground  distances.  Prior  to  assembling  the  mosaic,  principal  points 
of  photos  near  each  comer  of  the  area  are  pricked  and  circled  with 
a  grease  pencil  as  an  aid  In  later  recovery.  (The  grease  marks  are 
easily  removed  after  they  have  served  their  purpose.)  The  mosaic 
Is  then  prepared  In  accordance  with  the  instructions  given  in 
TM  5-214-0.  Upon  completion  of  the  assembly,  the  diagonals  of  the 
figure  formed  by  the  selected  principal  points  are  carefully  mea¬ 
sured.  The  corresponding  ground  lengths  are  computed  from  the 
following  formula: 
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B  .  y  (»!  -  ♦  (El  - 

yditm  B  s  C^ld  distance 

>1,  E2^  =  TOM  coordinates  of  point  1 

1(2  f  ^2  *  coordinates  of  point  2 

If  ground  station  positions  are  unlmoHn  and  TOM  coordinates  cannot 
l>e  establlsbed^  groxind  distance  can  lae  detexnlned  1>7  substituting 
Shoran  grid  coordinates  In  the  equation  just  given.  Tig.  10-1 
Illustrates  the  scale  check  lines  used  in  the  determination.  The 
average  of  the  values  deteznlned  for  each  of  the  two  lines  Is  taken 
as  the  over-all  mosaic  seals. 

Absolute  position  Is  established  by  adding  a  TOM  grid  and 
graticule  to  the  flnl^ed  mosaic.  As  the  first  Vtep,  a  TOM  grid  is 
laid  out  on  a  sheet  of  translucent  acetate  to  tbs  over -all  mosaic 
scale.  After  the  four  comer  points  have  been  plotted,  this  acetate 
sheet  Is  placed  over  the  mosaic  and  oriented  by  superimposing  over 
the  photo  points.  If  simultaneous  coincidence  cazmot  be  obtained 
on  all  four  points,  the  sheet  Is  adjusted  so  as  to  distribute  the 
error  equally.  A  mechanical  mean  fit  can  be  obtained  by  punching 
holes  of  the  proper  diameter  In  the  acetate  sheet  at  the  plotted 
positions  and  mounting  floating  stud  holders  directly  over  the 
points  on  the  mosaic.  In  most  cases,  however,  the  best  mean  fit 
can  be  estimated  with  sufficient  accuracy  by  a  visual  examination 
of  the  discrepancy  at  each  of  the  four  points.  After  adjustmsnt, 
the  grid  Intersection  points  are  pricked  throu^  to  the  base  and 
connected  with  Ink  lines  directly  on  the  face  of  the  photomap. 

5*  Semi -controlled  Mosaics.  Send. -controlled  mosaics  require 
more  time  to  aseenible  tkan  ^  the  uncontroUed  typo  but  offer  a  con¬ 
siderable  Improvement  In  accuracy.  Contact  prints  matched  In  den¬ 
sity  and  tonal  range  are  employed  In  all  cases  with  Shoran  points 
used  to  position  the  principal  points  of  each  of  the  photos.  The 
first  stop  of  the  operation,  therefore,  will  bo  to  compute  the  co¬ 
ordinates  of  each  photograph  to  be  used  and  to  plot  these  points  on 
a  grid  laid  out  to  the  average  scale  of  the  photography.  Thsre- 
afber,  the  photographs  are  assembled  by  placing  the  principal  points 
approximately  over  their  Shoran  positions  and  rotating  tq  get  the 
best  average  match  with  adjacent  prints.  Ho  effort  Is  made  to  hold 
exactly  to  Ihe  plotted  points  because  of  the  possibility  of  random 
Shoran  and  tilt  displacement  errors .  Instead,  the  dry  prints  axe 
laid  out  In  small  groups  ahead  of  the  actual  assembly  and  adjusted 
so  as  to  obtain  an  average  fit  of  principal  points  to  corresponding 
Shoran  positions. 

The  average  scale  of  the  photography  Is  established  by 
laying  out  two  or  three  trial  strips  and  comparing  the  distances 
between  end  principal  points  with  corzespondlng  ground  distances  as 
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FIG.  10-1.  UWCaHTEOLLED  MOSAIC  SCALE  CEECK  LINES 
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determined  from  tlie  grid  coordinates.  Photographs  in  each  strip 
are  assanibled  hy  carefully  matching  detail  in  the  overlapping  por¬ 
tions  and  are  temporarily  hold  together  with  drafting  tape  or 
staples  so  as  to  permit  re-use  during  the  mosaic  assamhly.  Ground 
distances  are  determined  hy  the  formula  given  in  paragraph  2  of 
this  chapter.  The  moan  of  all  detorminationo  Is  the  scale  to  ho 
used  in  constructing  the  grid. 

The  grid  and  the  Shoran  positions  are  plotted  directly  on 
the  rigid  hoard  (masonite  or  plywood)  that  is  to  hocomo  the  momt 
for  the  mosaic.  Linos  are  spaced  at  some  convenient  plotting  inter¬ 
val  and  the  entire  grid  is  oriented  so  as  to  assure  proper  center¬ 
ing  of  the  finished  assembly,  Althou^^  the  greater  portion  of  the 
lines  will  ho  covered  hy  the  assemhled  photos,  it  is  important  that 
they  he  extended  sufficiently  to  permit  their  recovery  around  the 
edges.  A  strai^t  edge  can  then  he  used  as  a  guide  in  redrawing  the 
missing  portiona  prior  to  final  publication. 

A  second  typo  of  semi -controlled  mosaic  can  he  constructed 
hy  using  the  slotted  templet  method  to  exactly  locate  the  grid  posi¬ 
tions  corresponding  to  photo  principal  points.  Here,  a  templet 
assembly,  made  hy  the  procedures  outlined  in  Chapter  DC,  is  used  to 
provide  the  adjustment  to  the  host  mean  fit  of  the  Shoran  points. 
Principal  points  can  then  he  pricked  directly  onto  the  mount  and 
hold  rigidly  when  the  prints  are  assembled.  Even  thou^  the  method 
produces  improved  accuracy  and  roq.uiros  loss  guesswork,  considerable 
extra  time  is  Involved  in  preparing  the  templet  assembly. 

4.  Preparation  of  Controlled  Mosaics.  The  use  of  Shoran  in 
preparing  controlled  mosaics  differs  from  the  conventional  method 
only  in  that  Shoran  positions  are  \ised  to  control  the  slotted  tem¬ 
plet  assembly.  In  most  Instances,  the  rigid,  mosaic  mount  serves  as 
the  base  on  which  to  construct  the  grid  and  prepare  the  templet  lay- 
down,  Floating  stud  holders  at  each  Shoran  point  provide  the  adjust¬ 
ment  to  the  best  mean  fit.  Both  principal  points  and  points  around 
the  edges  of  the  prints  are  located  and  used  to  estahliah  the  amount 
of  ratloing  and  rectifying  necessary  in  each  of  the  photographs . 
Chapter  IX  explains  the  use  of  the  slotted  templet  method  with 
Shoran -controlled  photography.  The  procedures  to  he  en^jloyed  in 
ratloing  and  assembling  the  prints  for  a  controlled  mosaic  are 
covered  in  TM  3-240, 


Paragraifa 

1 

2 


CBJLETIB  ZI 

CCRTROL  POUT  THOTOGBAIBY 


135 


Qensral 


3 


Control  Point  Recovery  1>7  Multiplex  Methods 

Control  Point  Recovery  hy  Slotted  Templet 
Methods 


137 
158 

138 


137 


.  cm^FTiR  n 
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1.  General.  Staoran  control  point  ibotogrepby  le  particular 
ly  suited  io  the  BstaibllalfioaDt  of  the  rather  vldely  separated 
ground  positions  needed  to  control  small-scale  naps  or  charts. 

Xach  mission  of  two  Intersecting  flints  locates  a  single  control 
point  uhlch  then  can  he  employed  In  the  same  manner  as  positions 
detexmlned  hy  astrononde  ohserratlons  or  ground  surveying. 
fact,  the  method  la  very  effective  In  supplementing  existing 
ground  control  that  Is  too  widely  scattered  to  meet  even  charting 
requirements.  Once  estahllshed,  the  positions  form  the  control 
network  for  reconnalsaanoe  mapping  from  either  vertical  or  tri- 
metrogon  photography.  Shotogramnetrlc  bridging  with  the  basic, 
over -all  coverage  usually  is  accomplished  with  slotted  cards  or 
the  mechanical  templet  set.  Scattered  control  of  this  type  will 
not  normall y  be  satisfactory  for  multiplex  bridging  methods. 

?ig.  11-1  Illustrates  a  typical  photo  Index  of  the 
Shoran-controUed  coverage  oyer  one  point.  The  actual  scaling  of 
the  photography  and  subsequent  spotting  of  the  control  point  may 
be  aocompllBhad  by  either  multiplex  or  slotted  templet  methods. 


na.  11-1.  TXPICAL  SHDBAH  CGRTRQL  POINT  IHDTOGERAPHT. 
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Teste  Indicate  possible  errors  of  as  nucb  as  1^0  feet  siren  vben 
multiplex  e^ulpmant  Is  used.  Slotted  templet  methods  vlU  furnish 
still  less  accuracy  and,  primarily  because  of  the  inability  to  re¬ 
cover  photo  tilts,  they  may  introduce  position  errors  of  200  to  250 
feet.  However,  where  maps  of  lg2^0,000  scale  smaller  are  in¬ 
volved,  these  errors  often  are  relatively  unimportant.  The  present 
chapter  deals  only  with  the  positioning  of  control  points  from  the 
Shoran-controlled  photography.  Photogrammetric  bridging  and  detail 
oasqpllation  procedures  using  the  basic  mapping  coverage  are  explained 
in  TM  5-240  and  other  publications  related  to  mapping. 

2.  Control  Point  Recovery  by  Multiplex  Methods.  The  prepar¬ 
ation  of  work  slieeis  and  orientation  of  multiplex  strip  units  for 
use  with  control  point  photography  Involve  procedures  very  similar 
to  those  discussed  in  Chapter  VIII,  Multiplex  Mapping.  Grid  posi¬ 
tions  of  the  points  corresponding  to  eaxsh  photograph  should  be  com¬ 
puted  and  plotted  on  sheets  that  have  been  laid  out  at  a  scale  con¬ 
sistent  with  the  aircraft  flying  height.  The  multiplex  procedure 
consists  of  orienting  each  fll^t  separately  to  the  Shoran  control 
and  than  detexmlnlng  the  position  of  the  point  in  question.  The 
CQoqputed  mean  of  the  two  positions  is  assumed  to  be  the  true  loca¬ 
tion  of  the  control  point.  In  areas  where  vertical  control  is 
plmatiful,  each  flight  can  be  leveled  as  a  unit  using  the  Icnown 
elevations.  The  BZ  curve  method  provides  the  displacement  between 
true  and  indicated  nadir  points.  Generally,  however,  elevations 
will  not  be  Itnovn  and  so  the  BZ  curve  method  must  also  be  used  for 
strip  orientation. 

The  necessary  procedure  is  best  understood  by  reference 
to  Fig.  11-1.  Flight  1  is  set  in  the  multiplex,  brought  to  approxi¬ 
mate  scale,  and  carefully  leveled  by  means  of  the  BZ  curve  (Chapter 
VTI)  .  This  permits  a  series  of  relative  elevations  to  be  estab¬ 
lished  along  the  center  line.  Fll^t  2  can  then  be  set  and  scaled 
to  the  Shoran  control.  The  BZ  curve  is  used  both  for  leveling  in 
the  llne-of-fll^t  direction  and  for  indicating  the  displacamant  of 
nadir  points  resulting  from  false  tip.  The  strip  is  leveled  in  the 
tilt  direction  by  referOTce  to  the  relative  elevations  obtained  from 
fll^t  1.  The  control  point  is  plotted  and  its  coordinates  are 
sceiled  from  the  plotting  shoot.  Also,  with  the  orientation  thus 
fixed,  a  line  of  relative  elevations  is  road  along  the  center  line. 
Finally,  flight  1  is  reset  and  leveled  using  the  relative  elevations 
from  fli^t  2  and  the  BZ  curve.  The  strip  is  then  scaled  to  the 
Shoran  points  and  a  second  position  is  obtained.  Coordinates  of 
the  two  positions  are  averaged  to  obtain  the  final  location. 

3.  Control  Point  Hecovery  by  Slotted  Templet  Methods.  The 
use  of  sloited  templet  procedures  in  recovering  control  point  posi¬ 
tion  Involves  nothing  more  than  asseonbling  the  two  flights  as  a 
unit  and  scaling  to  the  plotted  Shoran  points.  The  feature  to  bo 
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located  la  selected  as  an  auxiliary  point  during  preparation  of  the 
templets  so  that  its  position  hecomes  fixed  upon  cogoqiletion  of  the 
etssemhly.  Contact  size  photographs  and  templets  viU  normally  he 
satisfactory  since  any  improYesnent  In  accuracy  resulting  from  the 
use  of  enlargsDiente  seldom.  viU  he  slgiificant  in  the  tyx>e  napping 
for  which  the  control  point  method  is  applicable.  Wing  points  are 
selected  >=in/i  templets  are  prepared  in  the  regular  fashion,  using 
prlncipeJ.  points  as  radial  centeirs.  Care  must  he  tahen  not  to  se¬ 
lect  too  many  points  in  the  area  of  overlap  hetween  flints,  since 
excessive  slots  tend  to  veahen  the  templets  and  thus  decrease 
accuracy.  The  heat  average  fit  of  the  aaBezid>ly  to  the  Shoran  con¬ 
trol  is  obtained  by  placing  a  floating  stud  holder  at  each  Shoran 
point.  After  templets  have  been  assembled,  the  target  point  is 
marloed  and  its  coordinates  are  scaled  from  the  vorh  sheet. 
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CHAPrXB  XII 


aHQRMi  cqrraoL  fob  xnaTiiG 
taccroROLLED  rooTcxampHY 

1.  Qegiaral.  OcoaalanB  nay  arise  vbea.  it  vlU  'be  deslraltle 
to  use  Shoran-oantroUed  cross  flints  In  eanjimctlon  vlth  existing 
uncontroXled  ptiotography.  Althoii^  the  resulting  nap  accuracy  viU 
not  e<iual  that  to  he  expected  fron.  complete  Shoran-controUed 
photographic  covez'age,  conslderahle  flying  time  can  he  saved  if  re¬ 
duced  standards  can  he  tolerated.  The  necessary  Shoran  photography 
consists  of  cross  flints  noxnal  to,  and  spaced  at,  intervals  of 
about  each  six  or  seven  exposures  along  the  exlstl:^  coverage  (Chap¬ 
ter  IT) .  The  controlled  flif^ts  then  can  he  scaled  to  the  Shoran 
positions  and  used  to  spot  lines  of  pass  points  between  which  the 
loicontrolled  exposures  are  bridged. 

Multiplex  methods  nomally  will  he  eBq>loyed  so  as  to  ob¬ 
tain  maximum  position  accuracy  from  the  cross  flints.  This  in¬ 
volves  the  recovery  of  camera  orientation  so  that  photo  nadir  points 
can  he  scaled  to  the  Shoran  control .  Vhere  ground  vertlceuL  points 
are  unavailable,  the  BZ  curve  method  described  in  Chapter  YU  is 
employed.  Alti^ter  readings  will  accompany  the  Shoran  photography 
and  can  he  used  to  level  each  control  strip  in  line  of  fli^t. 
Occasionally,  leveling  in  the  tilt  (T)  direction  can  he  accomplished 
from  lines  of  correct  relative  elevations  established  by  the  BZ 
curve  method  and  using  the  existing  photography.  However,  if  the 
needed  altimeter  readings  are  not  available  with  the  uncontrolled 
coveraga,  separate  auxiliary  strips  are  required  for  use  in  tilt 
leveling  of  the  cross  fli^h'^B.  Xig.  12-1  illustrates  a  typical 
fll^t  plan  where  the  auxiliary  strips  are  included.  It  should  he 
noted  that  the  auxiliaries  need  not  he  Shoran-cont rolled,  althou^ 
it  is  important  that  accurate  altimeter  readings  he  available  for 
each  exposure.  Multiplex  tests  with  cross  fli^t  photography  from 
20,000  feet  indicate  that  maps  having  an  Intemal  accuracy  of 
approximately  125  feet  or  loss  on  90  percent  of  the  well -defined 
features  can.  he  prepared.  This  accuracy  is  exclusive  of  the  mean 
map  position  error. 

2.  Mu^lplex  Meiho^  for  Cross  n.! At  PhotograpJty.  Orienta¬ 
tion  of  the  ^ozen-contzr>iled  cross  is  Identical  to  the 

procedure  used  with  area  coverage  xhotography.  Work  sheets  are 
laid  o\it  rou^lLy  paxaUel  to  the  line  of  fllgh'^  using  either  the 
Shoran  or  IZIM  grid,  depending  upon  the  coordinate  system  In  tdilch 
the  Shoran  positions  have  been  computed.  The  photography  is  set 

In  strips  of  five  to  seven  models  so  as  to  pezmit  multiplex  sceLLlng 
to  the  best  average  fit  of  several  points.  In  areas  idiere  vertical 
control  is  available,  the  isiits  are  strip-leveled  by  reference  to 


api^prlate  ground  points;  othervlse,  the  BZ  curve  method  dsserlhed 
lix  Chapter  YII  is  used.  Belatlve  elevations  at  rlf^t  angles  to  the 
cross  fll£^ts  are  established  by  application  of  the  BZ  curve  method 
to  the  auxiliary  flints.  Once  the  control  strip  has  been  oriented, 
the  corrections  for  false  tip  are  applied  to  indicated  nadir  points 
and  the  entire  unit  is  scaled  to  the  best  mean  fit  of  the  Shoran 
positions.  Horizontal  pass  points  to  be  used  as  control  for  the 
mapping  photography  can  then  be  spotted  throu^out  'Uie  strip  in 
sufficient  density  to  assure  the  appearance  of  three  or  four  points 
In  each  of  the  mapping  fli^^s.  The  points  selected  should  be  such 
readily  Identifiable  features  as  road  Intersections,  comers  of 
large  buildings,  and  the  UJce.  It  Is  good  practice  to  actually 
draw  a  portion  of  the  features  and  to  write  out  detailed  descrip- 
tlons  directly  on  the  work  sheet. 

Sometimes  the  cross  f  11  gits  and  auxiliaries  are  used  to 
establish  a  framework  of  vertical  points  from  \dilch  approximate  con¬ 
tours  or  fozm  lines  can  be  delineated.  This  procedure  req^ulres 
application  of  the  vertical  traverse  (paragraph  7>  Chapter  Till)  . 

In  ihls  way  elevation  points,  as  well  as  positions,  are  spotted 
along  the  cross  fUgits  and  used  as  a  guide  In  strip -leveling  the 
uncontrolled  photography.  Thou^  the  method  cannot  be  relied  upon 
to  provide  very  good  vertical  accuracy,  conditions  may  arise  where 
no  other  alternative  Is  available. 

Once  the  pass  points  have  been  picked,  multiplex  orienta¬ 
tion  and  bridging  with  the  mapping  photography  are  accomplished  In 
accordance  with  TM  5 -Shit-.  Individual  sheets  for  each  fllgit  usually 
are  laid  out  on  a  transparent  medium  to  facilitate  point  transfer¬ 
ring  from  the  £Dioran.  work  sheets  and  smst,  of  course,  use  the  same 
grid  systoa.  The  addition  of  a  geographic  graticule  to  manuscripts 
compiled  on  the  Shoran  grid  is  explained  In  paragraph  6,  Chapter  VIH. 

5.  Slotted  Templet  Methods .  The  use  of  Shoran  points  to  con¬ 
trol  slotted  templet  npplhg  Is  covered  In  Chapter  U.  Where  perim¬ 
eter  photography  is  used,  base  sheets  are  made  large  enotigi  to 
accommodate  sections  of  aboxct  100  templets  from  the  uncontrolled 
coverage.  In  HTnft.n  areas  a  single  base  sheet  Is  often  sufficient. 

All  appropriate  Shoran  control  Is  then  plotted  and  floating  stud 
holders  are  put  in  place  at  each  of  the  points.  Templets  from  the 
cross  flints  use  principal  points  as  radial  centers  and  are  assem¬ 
bled  over  the  stxid  holders  so  as  to  obtain  a  g^od  mean  fit.  Templets 
from  the  mapping  photography  are  prepared  in  the  nonnal  manner,  ex¬ 
cept  that  pass  points  from  the  cross  fLlgits  are  transferred  aoi^ 
also  used  as  pass  points  on  the  regtlar  coverage.  The  mapping  as- 
seaably  then  is  made  rigat  over  the  cross  fllgit  tejnplets,  using  the 
studs  at  ccmmon  points  to  establish  scale.  Finally,  wing  points  are 
pricked  througi  to  the  base  sheet  to  provide  the  network  for  compil¬ 
ation  hy  any  dselrod  procedure. 
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Altimeter  Recording  CaMara  -  The  modified  35-™i  movie  camera  which 
photographs  a  barometric  altimeter,  radio  eLLtlmetter,  ex-' 
poBure  counter,  and  other  auxiliary  data  at  the  Instant  of 
each  aerial  camera  exposure. 

Arc  Havlgatlon  -  A  method  of  Shoran -controlled  flight  line  naviga¬ 
tion  whereby  arcs  of  constant  radii  are  flown  about  one 
of  the  ground  stations. 

Area  Coverage  Photography  -  Complete  photographic  coverage  of  an 
area  by  conventional  mapping  photography  having  parallel 
flight  lines  emd  stereoscopic  overlap  between  exposures 
In  line  of  flight.  When  applied  to  Shoran,  the  term  Im¬ 
plies  that  recorded  Shoran  distances  are  available  for 
each  exposure. 

BZ  Curve  -  The  ciirve  obtained  when  a  smooth  line  is  drawn  through 
points  representing  the  heights  and  distances  along  the 
flight  line  of  the  several  projectors  luaed  in  a  multiplex 
extension. 

BZ  Curve  Method  -  A  method  utilizing  characteristics  of  the  BZ 
curve  for  finding  the  displacement  of  true  photo  plumb 
points  from  Indicated  projector  plumb  points  In  multiplex 
strip  orientation.  The  method  blLso  provides  a  means  for 
strip  leveling  using  only  the  barometric  edtimeter  read¬ 
ings  of  aircraft  flying  height. 

Cathode -ray  Oscilloscope  -  The  tube  which  presents  the  sweep  cir¬ 
cle  and  Shoran  electTOmagnetlc  pulses  as  visual  phenomena 
for  use  by  the  airborne  operator. 

Control  Point  Photography  -  Shoran-controUed  aerial  photography 
consisting  of  two  short  right-angle  flights  Intersecting 
over  a  target  or  secondary  control  point. 

Cross  Flight  Photography  -  Single  phi6tographic  strips  having  stereo¬ 
scopic  overlap  between  exposures  and  having  a  flight  direc¬ 
tion  at  right  angles  to  that  of  ooexlstent  area  coverage 
photography.  When  applied  to  Shoran,  the  term  in^lies  that 
each  of  the  cross  flight  exposures  Is  accompanied  with  re¬ 
coiled  Shoran  distances. 

Distance  Recording  Camera  -  The  modified  35 -mm  movie  camera  which 

photographs  the  Shoran  distance  counters  and  other  auxiliary 
Instruments  at  the  Instant  of  each  aerial  exposure. 

Drift  Station  -  A  term  sometimes  used  to  designate  the  ground  sta¬ 
tion  about  which  the  aircraft  flies  during  arc  navigation. 
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The  second  ground  station  is  then  referred  to  as  the  '*Rate" 
station. 

Echo  Pips  -  Pips  formed  on  the  airborne  oathode-raj^  tube  sveep  clr- 
ole  by  Impulses  returning  from  the  ground  stations. 

Echo  Timing  •  The  measurement  of  time  required  for  a  short  train  of 
radio  vares  to  travel  the  round-trip  path  from  an  originat¬ 
ing  station  to  a  reflector,  or  transponder. 

Error  Meter  -  A  proposed  instrument  for  fumishlng  information  con¬ 
cerning  the  accuracy  of  pip  allnement  at  the  instant  of 
each  exposure. 

False  Tip  -  The  angular  differences,  measured  in  the  vertical  plane 
through  the  flight  line,  betveen  the  axis  of  the  aerial 
camera  at  the  Instant  of  each  exposure  and  the  axis  of 
corresponding  multiplex  projectors  vhen  oriented  in  strips. 

Stud  Holder  -  A  device  which  permits  spring -controlled  move¬ 
ment  of  a  standard  slotted  templet  stud  about  a  plotted  posi¬ 
tion.  The  use  of  one  floating  stud  at  each  Shoran  position 
produces  an  automatic  adjustment  of  the  assembly  to  the  best 
mean  fit  of  all  points. 

Grround  Station  Delay  -  The  time  (expressed  as  round-trip  distance) 
required  for  the  Shoran  pxilse  to  travel  through  the  cir¬ 
cuits  of  a  ground  station. 

Inverse  Computation  -  Computations  connected  with  the  determination 
of  distance  and  azimuth  between  two  points,  the  positions 
of  which  are  given  in  geographic  or  plane  coordinates. 

Martor  Pip  -  The  stationary  pip  formed  on  the  sweep  circle  by  an 
impulse  from  the  airborne  set.  This  pip  marks  the  point 
of  zero  distance  and  is  the  standard  to  which  echo  pips 
are  alined. 

Nadir scope  -  An  instrument  for  attachment  to  the  multiplex  trac¬ 
ing  table,  which  permits  recovery  of  projector  nadir  points. 

Observed  Zero  -  Reading  of  Shoran  mileage  counters  when  the  airborne 
set  is  receiving  its  own  signal. 

Photographic  Mission  -  The  taking  of  a  group  of  consecutively  ex¬ 
posed  aerial  photographs  over  one  area  and  on  the  same 
day. 
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Pi£.A  Link  otr  de-lectlon  In  the  otherwise  smooth  sweep  circle 

caused  by  the  application  of  an  Impulse  to  the  cathode* 
ray  oscilloscope. 

ftrecomputed  Coordinate  Mavlflatlon  -  A  little -used  method  of  flight 
line  navigation  whereby  proper  Shoran  readings  from  the 
air  station  to  each 'ground  station  at  regular  Intervale 
along  a  straight  line  are  computed  before  take-off  and  the 
aircraft  then  flown  so  as  to  pass,  as  near  as  possible, 
along  this  precougnited  course. 

Pulse  -  A  short  train,  or  burst,  of  i^dio  waves., 

Radio  Altimeter  Carry  -  A  method  of  "carrying''  absolute  flying 

height  values  from  a  datum  area  over  which  a  radio  alti¬ 
meter  reading  has  been  tedcen  to  another  area  by  means  of 
a  barometric  altimeter. 

Radloscnc'.e  -  An  Instrument  carried  aloft  by  means  of  a  balloon  or 

dropped  from  an  aircraft  by  parachute,  which  measures  at¬ 
mospheric  pressvire,  temperature,  and  humidity  at  regular 
Intervals  and  transmits  the  readings  by  means  of  a  small 
radio  sending  set. 

Pate  Station  -  See  I>rlft  Station. 

Shoran  -  An  electronic  measuring  system  for  indicating  distance 

from  an  airborne  station  to  each  of  two  ground  3ta,tions. 

The  term  is  a  contraction  of  the  phrase  "SHQrt  RAiige 
Navigation'’ . 

Shcran  Grid  -  A  rectangular  grid  with  the  X-axis  through  the  two 

Shoran  ground  stations  and  using  the  westernmost  station 
(station  A)  as  the  origin  of  coordinates. 

Shoran  Line  Crossing  -  A  method  of  determining  distance  between  two 
points  by  flying  across  the  joining  line. 

Shoran  Sange  -  The  maximum  possible  operating  distance  between 

Shoran  aircraft  and  ground  station  as  limited  by  flying 
height,  ground  station  elevation,  terrain,  and  earth 
curvature . 

Shoran  Peductlon  -  The  computational  process  of  converting  from  a 

Shoran  distance  reading  to  an  equivalent  geodetic  distance. 

Shoran  Triangulation  -  A  method  of  triangulation  in  which  the  sides 
of  appropriate  figures  cure  measured  by  the  Shoran  line¬ 
ar  os  sing  method. 
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WftTe  Bath  -  The  path  taken  hy  the  Shcsran  nave  as  it  travels 
from  the  alrhotrae  to  the  ground  station. 


Signal  Intensity  -  Strength  of  the  Shoran  signals  received  at  the 
alrhoaTie  station.  Intensity  variations  result  prluBrlly 
from  ground  raflectloEffi  of  the  radio  naves. 


Standard  M.A.C.A.  Moist  Atwyp«-phA-rA  -  QJhe  en^drlcal  N.A.C.A.  stand¬ 
ard  atmosphere  nlth  added  nsan  annual  vapor  pressure  at 
about  40°  latitude  In  the  Halted  States. 


Station  A  -  The  usual  designation  of  the  weetemmost  ground  sta¬ 
tion.  The  easternmost  ground  station  Is  designated  as 
Station  B. 

Station  Angle  -  The  horlzonteil  eu3gle  subtended  at  the  aircraft  by 
the  two  Shoran  ground  stations. 

Stralfdit  Idne  Indicator  -  A  Shoran  navigational  device  which  permits 
the  flying  of  straight  lines  at  any  orientation  to  the 
base. 


Sweep  Circle  -  The  fluorescent  ring,  appearing  on  the  face  of  the 
cathode-ray  oscilloscope,  that  is  caused  by  the  rapid 
circular  travel  of  a  tiny  spot  of  light. 

Timing  Advance  System  -  The  system  used  to  produce  transmitted 
pulses  sufficiently  earlier  than  the  correspcwiding 
marker  pulses  so  that  a  slgial  returning  from  Its  round 
trip  arrives  Just  In  time  to  neet  the  corresponding  pulse 
at  the  cathode -ray  tube.  Coirrect  adjustment  of  the  two 
timing  advance  systems  in  the  airborne  set  is  Indicated 
by  proper  allnement  of  the  two  echo  pips  with  the  marker 
pip. 


Timing  frequency  Error  -  The  error  Introduced  by  inability  to  estab¬ 
lish  the  true  oscillator  frequency  at  the  instant  of  Shoran 
measurements . 

Timing  Mpn-llnearlt-V  Corrections  -  The  corrections  made  necessary 
by  slight  Irregularities  In  the  functioning  of  the  1- 
mlle  phase -advancing  devices. 

Timing  Qt^ninatyr  .  !fbe  crystal-controlled  oscillator  used  as  a 

standard  in  the  timing  of  pulse  travel.  True  path  distance 
(exclusive  of  the  velocity  correction)  in  milBS  is  given 
when  the  oscillator  frequency  in  cycles  per  second  is  equal 
to  one -half  the  velocity  of  electr(xnagnetic  waves  in  miles 
per  second  (93,109.5). 
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Velocity  Correction  -  The  correction  made  necessary  by  the  fact 
that  the  speed  of  electroma^^netlc  propagation  varies 
vlth  varying  meteorological  conditions  along  the  vave 
path. 


AFFESDH  B 


SAMPLE  PHOTOGBAPEIC  SESCIFICATlOIiS 


157 

Specif loatlon  9o.  _ 

26  Septefll>er  1S^9 

SEBCHTCATIOre 

SE(SUUI-(X)1IB0LZJSD  AERIAL  PBOTOGSAfHI 
SFSCinC  PROJECT  DATA 

Project  name:  Fort  Sill,  OTrlahoma 


Project  location: 

Camera  to  l>e  used: 

Area  to  l>e  photographed: 

Photography  to  he  accomplished: 

Flight  eiltltude  ahore  sea  level: 

Elevation  of  mean  terrain  above 
sea  level: 

Flight  direction: 

Flight  direction  of  special 
flights: 

Ifumher  of  flight  lines: 

Eumber  of  special  fli^t  lines: 

Side  lap: 

Names  of  geodetic  control  sta¬ 
tions  and  alternates  of  geo¬ 
detic  control  stations  selec¬ 
ted: 


Fort  Sill,  Oklahoma 

AF  type  T-5 

l4l6  square  miles 

Between  1^  October  19^9  and 
31  December  19^9 

21,300  feet 


1,300  feet 
Bast -vest 


North-south 


Five  -  as  shown  on  fll^t  map 
Four  -  as  shown  on  flight  map 
10  percent  Tniniimim 


Gem  (Hemphill  County,  Tez.,V.  M. 
19B7). 

Washita  (Roger  Mills  County,  Okla., 
W.M,  1927) 

This  station  is  the  cLLtemate 
station  for  "Qem. " 

Cushing  (Payne  County,  Okla., 

CIA,  1935). 
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Long  (Lincoln  Count/,  Okla. , 

CIA,  1935). 

This  station  Is  the  adter- 
nate  station  for  "Cushing.” 

1  January  1950 

Caddo  County,  Okla.,  1:63,360 
Klova  County,  Okla.,  1:63,360 
Comanche  County,  Okla.,  1:63,360 
Stephens  County,  Okla.,  1:63,360 
Grady  County,  Okla.,  1:63^360 
Cotton  County,  Okla.,  1:63,360 
Tillman  County,  Okla.,  1:63,360 
Oklahoma  City  (B-5) 

1:500,000  sc^e  sectional 
aeronautical  chart 

Geodetic  control  data  furnished:  Ihiited  States  Coast  and  Geodetic 

Survey  publications  as  follovs: 

Descriptions  of  Triangulation 
Stations 

Ho.  553 >  "Ada,  Oklahoma  to 
Ablline,  Kansas." 

No.  698,  "One  Hundredth  Nsrldlan 
Boundary  Arc,  Texas  and  Okla¬ 
homa.  " 

Geographic  position  cards  for 
Long,  1935^  and  Cushing,  1935 
on  Ada,  Oklahoma  to  Ablline, 
Kansas  eui'c;  and  Washita,  19^  f 
and  Gem,  19^7^  on  Texas -Okla¬ 
homa  Boundary,  100th  meridian 
arc. 

Second -order  leveling,  "Cheyenne, 
Oklahoma  to  Brisco,  Texas."  and 
Byars,  Oklahoma  to  Arkansas 
City,  Kansas  (Okla.  portion)." 


Delivery  date: 
Maps  furnished: 


NOTES 

1.  The  number  of  flight  lines  specified  above  are  the  Tnlnlmwi 
number  of  flights  that  vlU  cover  the  area  at  the  altitude  specified 
and  provide  a  side  lap  of  20  percent  between  flight  lines  1  and  2  and 
between  lines  2  and  3>  25  percent  between  3  and  4  and  between  4 

and  5  at  the  mean  terrain  elevation  of  1,300  feet  above  sea  level  of 
the  area. 
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2.  The  four  speolal  fH^chts  listed  alioye  viU  be  flovn  in 
a  north -south  direction  aoross  the  project  as  shovn  on  the  fll^t 
aap. 


3>  The  approzloate  locations  of  the  geodetic  control  sta¬ 
tions  are  shown  on  the  1:300,000  scale  sectional  aeronautical 
chart,  "Oklahoma  Cltj. " 

k.  The  second -order  lerellng  data  contains  descriptions  emd 
elevations  for  the  following  bench  marks:  P-49  emd  Q-50  which  are 
near  trlangulatlon  station  "Cushing";  lC-49  and  L-49  which  are  near 
trlemgulatlon  station  "Long";  1-103,  M-257»  emd  L-257  which  are 
near  trlangulatlon  stations  "Qem"  emd  'Vashlta. " 
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Speolfloatlon  Bo.  _ 

28  Septeniber  19^9 

SPBCIFICATIORS 

FOR 

SHORAB-COBTROLLED  AERIAL  ISOTOaRAlBY 
SBCnOB  I  -  GEHIBAL  FROYISIOBS 

1-01.  COMPOBEHT  PARTS  OF  SEBCIFICATIOBS.  These  speolfloatlons 
for  Sboran-oontroUed  aerial  photograpihj  are  oonposed  of:  Seotlon  i; 
General  Proylslons;  Seotlon  II,  Teolmloal  ProTlslons,  Aerial  Photo¬ 
graphy;  Section  m,  Teohnloal  ProvlslonB,  Shoran;  Page  la,  8PBCTFIC 
PROJECT  DATA;  and  the  naps  and  geodetic  control  data  listed  on  page 
la,  SPECI^C  PROJECT  1)ATA.  Page  la  is  attached  to  the  front  of 
Seotlon  I,  General  Provisions. 

1-02.  VQRg  TO  BE  ROBE.  The  vorlc  to  he  done  under  these  speci¬ 
fications  consists  of  furnishing  all  serrlces,  naterials,  supplies, 
end  plant,  end  making  such  flights  eis  may  be  necessary  to  cover  com¬ 
pletely  vlth  Shoran -controlled  aerial  photographs,  suitable  for  use 
vlth  Stereophotogramnetrlo  equlpnamt,  the  area  or  areas,  described 
In  the  SPECIFIC  PROJECT  DATA  andriusMB.  on  the  accompanying  maps.  The 
organization  performing  the  Shoran-oontrolled  aerial  photography  vlll 
bo  required  to  furnish  the  original,  aerial  negatives,  one  set  of  oouf 
tact  glossy  prints,  a  photo  plot  of  all  areas  photographed,  and  all 
Shoran  control  data  cmd  data  related  thereto  required  by  Seotlon  III. 

1-03.  MAPS  AHD  GEODETIC  COBTROL*  The  maps  and  geodetic  con¬ 
trol  listed  on  page  la,  SPECIFIC  PROJECT  DATA  are  the  only  maps  and 
geodetic  control  which  will  be  supplied  for  the  work  to  be  done.  It 
will  be  the  responsibility  of  the  photographic  organization  to  procure 
any  other  such  data.  This  organization  will  assist  In  the  proo\ire- 
ment  of  such  additional  data  when  so  requested. 

1-OU.  DELIVERY.  The  photographic  organization  shall  deliver 
to  this  organization,  the  photographic  and  Shoran  materials  and  data 
specified  In  Sections  II  and  III,  immediately  after  ooo^>letlon  of 
the  work  as  reftlred  by  these  specifications.  The  photographic 
organization  will  make  every  effort  to  deliver  the  following  photo¬ 
graphic  €md  Shoran  materials  and  data  on  or  before  the  due  date  as 
specified  on  page  la,  SPECIFIC  PROJECT  DATA.  A  copy  of  the  trans¬ 
mittal  shall  be  sent  to  the  U.S.  Air  Force  Central  Film  Library: 

a.  Original  aerial  negatives. 

b.  Prints  of  aerial  negatives. 

o.  Photo  plots. 

d.  Shoran  distance  recording  film. 

e.  Altimeter  recording  film. 


l6l 

f.  OsolUosoope  recording  film. 

g.  Ifenual  reading  of  Staoran  distance  counters. 

h.  Data  necessary  for  correlating  each  aerial  exposure 
vlth  the  recording  camera  exposures. 

I.  Co]iq)uted  velocity  corrections. 

J.  (hround  station  delay  calibration  data. 

k.  Airborne  zero  readings. 

l.  Airborne  timing  freq.uency. 

m.  Timing  non -linearity  corrections. 

n.  The  horizontal  and  vertical  positions  of  ground 
antenna  stations. 

o.  Operational  log. 

p.  Mean  flying  height  of  each  mission. 

q.  Identification  of  ground  antenna  stations  to  which 
recorded  distance  readings  refer. 

r.  Slmultaneoiffl  recording  of  all  clocks  immediately  be¬ 
fore  and  after  each  mission. 

I-05.  IH3EECTI0N  AHD  ACCiSPTANCE.  The  materials  required  by 
these  specifications  will  be  Inspected  by  this  organization  and  the 
photographic  organization  will  be  notified  within  l4^  calendar  days 
after  receipt  by  this  organization  whether  or  not  they  are  accept¬ 
able.  If  any  part  of  the  project  fails  to  meet  the  requirements  of 
these  specifications,  the  materietls  will  be  returned  to  the  photo¬ 
graphic  organization  and  It  will  be  notified  of  the  unacceptable 
portions  which  will  require  correction. 

I-06.  EEFLIGSgTS.  All  reflights  neceseary  to  obtain  satis¬ 
factory  results  in  accordance  with  the  requirements  of  these 
specifications,  shall  be  determined  euod  made  by  the  photographic 
organization. 


Speolfloatlon  Ho. 
28  Septeater  19*^9 


SPECIflCATIOIlS 

FOR 

SEORAH>COHTROLLED  AERIAL  IBOTOGRAFHY 

SECTION  n  -  TECHHICAL  PROVISIOHS 
AERIAL  PHOTOGRAPHY 

2-01.  DAYS  SUITAHLE  FOR  AERIAL  gOTOGRAPHY.  Aerial  photographs 
shall  he  taten  011I7  hetveen  the  hours  vhaoi  aolar  altitude  Iff  gyaateai' 
than  30^  on  all  da^s  when  weather  conditions  are  suoh  that  clear, 
well-defined  photographic  negatives,  as  required  In  paragraph  2-09, 
oan  he  made.  Ho  photographs  shall  he  taken  when  streams  are  looallj 
out  of  their  normal  hanks  or  when  the  ground  Is  covered  hy  snow.  The 
photographs  shall  he  taken  between  or  on  those  dates  specified  on 
page  la,  SPECIFIC  PROJECT  DATA. 

2-02.  CAMESRA  TO  EE  USED. 


a.  The  aerial  photographs  shall  he  made  with  a  U.S.  Air 
Foroe  Type  T-5  or  T-11  camera.  The  camera  shall  he  maintained  in 
proper  working  condition  and  shall  he  installed  in  the  airpltme  in 
a  manner  and  together  with  such  accessories  as  may  he  necessary  to 
secure  photo^aphs  meeting  the  requirement  of  these  specif loat lone, 

h.  Only  stained  glass  filters,  optically  flat  and  coated 
with  a  metallic  vignetting  correction  film,  shall  he  used  with  the 
aerial  camera. 

Co  Any  disassemhly  or  reassemhly  of  the  aerial  camera 
which  will  affect  the  calibration  constants  shall  require  recallhra- 
tlon  of  the  camera. 

d.  The  camera  or  cameras  and  the  magazines  used  on  the 
project  shall  have  performed  satisfactorily  on  a  tost  flight.  The 
negatives  exposed  on  the  test  flight,  or  service  best,  must  have 
been  submitted  to  and  approved  by  this  organization. 

2-03.  FLIcar  ALTITUDE.  The  aerial  negatives  shall  he  exposed 
at  the  flight  altitude  above  mean  sea  level  specified  in  the  SPECIFIC 
PROJECT  DATA.  The  flight  altitude  for  a  mission  shall  he  maintained 
as  constant  as  possible  and  no  exposure  within  the  mission  shall  de¬ 
viate  more  than  ilOO  feet  from  the  average  flight  altitude.  The  aver¬ 
age  flight  altitude  for  a  mission  shall  not  show  a  depasture  of  more 
than  i5  percent  from  the  specified  flight  altitude  above  mean  terrain. 
The  mean  terrain  elevation  for  the  project  is  given  on  page  la,  SPECI¬ 
FIC  PROJECT  DATA.  The  determination  of  the  average  flight  eLLtltude 
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for  each  mission  shall  Include  all  atmospheric  and  other  corrections 
necessary  to  assure  that  the  value  Is  the  true  flight  altitude  and 
that  It  Is  correct  to  vlthln  100  feet. 

1 

2-0^.  FLIGHT  LIKES  AND  STRIPS. 

a.  Hb  fll^t  lines  vlll  he  permitted  In  addition  to 
that  number  specified  on  page  la,  SPECIFIC  PROJECT  DATA. 

h.  All  flight  lines  and  special  flight  lines,  as 
specified  on  page  la,  SPECIFIC  PROJECT  DATA,  shall  he  Shoran 
controlled. 


c.  The  flights  shall  he  flown  in  that  direction 
specified  on  page  la,  SPECIFIC  PROJECT  DATA, 

d.  All  flight  lines  shall  he  as  straight  as  possible. 

The  mean  hearings  of  adjacent  strips  shall  he  within  5°  of  peurallel. 
In  no  case  shall  ohe  lack  of  parallelism  between  Ed.Jacent  photo¬ 
graphic  strips,  or  sections  thereof,  he  such  ae  to  prevent  the  side 
lap  between  strips  from  conforming  with  the  requirements  of  para¬ 
graph  2 -05.  Each  fli^t  shall  he  so  photographed  that  the  principal 
points  of  the  first  and  the  last  negatives  thereof  shall  fall  out¬ 
side  the  ho\indarles  of  the  specified  area  in  order  to  assure  that 
every  point  within  the  area  shall  appear  on  at  least  two  consecutive 
photographs  in  the  line  of  flight.  All  photographs  in  a  flight  line 
shall  he  continuous,  consecutive  exposures,  the  time  interval  be¬ 
tween  any  two  consecutive  exposures  being  no  longer  than  that  re¬ 
quired  to  provide  the  forweurd  lap.  Any  time  interval  longer  than 
the  normal  exposure  Interval  shall  require  re flights.  (See  para¬ 
graph  2-04-e.) 


e.  When  any  portion  of  any  flight  is  rejected,  that 
portion  must  he  covered  by  a  reflight  which  shall  overlap  each  end 
of  the  acceptable  portions  of  that  flight  by  four  exposures. 

2-05.  OVERLAP. 


a.  Forward  lap  shall  not  he  less  than  53  percent  nor 
more  than  60  percent  and  shall  average  56  percent.  Any  forward 
lap  of  less  than  53  percent  or  greater  than  60  percent  throughout 
the  entire  width  of  the  photograph  (that  dimension  of  the  photo¬ 
graph  normal  to  the  flight  direction)  or  strip  shall  he  sufficient 
grounds  for  rejection  except  where  the  displacement  of  Images  in 
the  photograph,  caused  by  abrupt  changes  in  elevation  within  the 
area  of  forward  overlap,  approaches  or  exceeds  the  limiting  values 
given  above.  Where  photographs  are  tedcen  under  such  conditions 
of  terrain,  there  shall  he  no  maximum  value  for  the  foirward  lap 
provided  that,  at  some  point  along  both  the  leading  and  trailing 
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ed^s  of  the  photographic  overlap,  normal  to  the  flight  direction, 
there  is  a  point  at  which  the  forvrard  lap  is  between  53  percent  and 
56  percent.  This  condition  shall  he  determined  hy  matching  identical 
images  on  t}ie  two  overlapping  photographs  and  making  the  measurements 
to  determine  the  percentage  of  lap  along  the  edges  of  the  photographs. 
It  is  further  provided  that  cosqputations  must  show  that  all  forward 
lap  in  excess  of  60  percent  is  due  to  the  change  in  elevation  within 
the  area  of  forward  lap.  The  minimum  forward  lap  of  53  percent  is 
effective  in  all  cases.  (See  paragraph  2-06.) 

h.  The  miniTmim  side  lap  between  adjacent  strips  shall 
not  be  less  than  10  percent.  Side  lap  will  be  determined  after  all 
deductions  for  crab,  relief,  tilt,  and  other  factors  have  been  con¬ 
sidered.  For  the  purpose  of  measuring  side  lap,  the  only  portion  of 
the  flight  considered  is  that  on  which  all  ground  points  covered  by 
the  flight  are  Imaged  on  at  least  two  consecutive  photographs  in 
the  flight. 

2 -06.  CRAB.  Crab  shall  not  exceed  10^  as  measured  from  the 
line  of  fllgnt  (the  flight  path,  or  "track, "  of  the  aiirpleme  as 
indicated  by  the  princijjal  points  of  the  consecutive  photographs). 

In  any  series  of  two  photographs,  the  relative  crab  shall  be  limited 
by  the  conditions  of  paragraph  2-05a. 

2 -07.  TILT.  Tilt  shall  not  exceed  3°  for  any  exposure.  The 
average  tilt  for  a  20 -mile  section  shall  not  exceed  2°  and  shall 
not  exceed  1°  for  the  entire  Job. 

2-08.  AERIAL  Fim.  Only  topographic  base,  safety  aerial  film 
shall  be  used.  The  film  shall  be  of  a  class  that  will  produce  nega¬ 
tives  meeting  the  requirements  of  these  specifications. 

2-09.  AERIAL  HEQATIYES. 


a.  The  shutter  speed  shall  be  as  short  as  film,  filter, 
and  light  conditions  permit.  In  no  case  shall  the  groiuad  speed  in 
miles  per  hour  exceed  the  flight  height  in  thousands  of  feet  divided 
by  five  times  the  shutter  speed  in  seconds. 

b.  The  negatives  must  be  exposed  and  developed  in  such 

a  manner  that  «.n  detail  in  all  of  the  distinguishable  terrain  tones 
from  the  darkest  terrain  feature,  or  shadow,  to  the  highest  terrain 
feature,  or  highlight,  is  discernible  in  the  aerial  negative.  The 
negatives  shall  show  a  mintnam  density  of  not  less  than  0.3  and  a 
TnaviTmim  density  of  not  more  than  I.5  as  measured  with  a  densitometer 
having  a  scale  range  of  0  to  3.0.  The  negatives  must  be  sharp  in 
detail,  fine  grained,  and  free  of  clouds  and  cloud  shadows,  light 
streaks,  static  marks,  or  other  defects  which,  in  the  opinion  of 
this  organization,  render  them  unsuitable  for  their  intended  purpose. 
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Each  end  of  the  roll  shall  have  a  length  of  clear  film  eq.ual  to  at 
least  three  exposures- 

c„  After  the  film  has  been  processed  and  dried,  the 
negatives  shall  not  show  a  differential  change  in  dimensions  of 
more  than  0.2  mm  nor  shai.!  any  distortion  so  introduced  render 
negatives  unsuitable  for  use  with  the  photogrammetrlc  eq.uipment 
in  the  opinion  of  this  organization.  Usually  this  condition  is 
limited  to  those  distortions  that  will  not  warp  the  stereo  models 
by  more  than  t0.15  mm.  Differential  changes  in  film  dimensions 
shall  be  determined  by  comparing  the  focal  pleuie  dimension  as 
given  on  the  camera  calibration  report  with  the  dimensions  as  deter¬ 
mined  by  measuring  between  the  same  two  points  as  recorded  on  the 
film.  Uniform  changes  in  film  dimensions  are  not  considered  under 
this  provision. 

2-10.  PROCESSING  AND  DRYINa  AERIAL  FILM. 

a.  Special  cetre  shall  be  exercised  to  insure  the  proper 
development  and  the  thorough  fixation  and  washing  of  all  film  and  to 
avoid  rolling  the  film  tightly  on  drums  or  in  any  way  distorting  it 
during  processing  or  drying, 

b.  If  the  photographic  organization  desires  to  use  any 
special  machines  for  developing  or  drying  the  film,  it  shall  demon¬ 
strate  by  tests  made  with  contact  prints  of  suitable  grids  that  the 
methods  of  the  machine  do  not  introduce  distortions  in  excess  of 

♦  0.02  mm. 


c.  All  splices  shall  be  of  a  permanent  nature  and  the 
film  shall  not  be  trimmed  closer  than  8  inches  from  an  exposed 
negative. 


2-11.  AERIAL  FIIJ>1  ROLLS. 

a.  All  exposures  made  on  the  project  shall  be  retained 
on  the  film  rolls  whether  such  exposures  are  acceptable  or  not.  A 
roll  of  film  may  be  cut  only  to  remove  unexposed  portions  of  the 
film  prior  to  processing  or  to  place  different  projects  into  separ¬ 
ate  pieces  of  film.  In  either  event,  film  shall  not  be  trimmed 
closer  than  8  Inches  from  an  exposed  negative. 

b.  A  roll  of  film  is  defined  as  that  length  of  aerial 
film  exposed  in  a  single  magazine  on  a  single  project.  Each  roll 
cf  film  shall  be  given  a  number  and  these  numbers  shall  start  with 
one  and  progress  consecutively  throughout  the  project, 

c.  Short  rolls  of  film  may  be  spliced  together  for 
spooling,  but  they  shall  not  lose  their  identity  as  sepeurate  rolls. 
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2-12.  IHDEXIHG  AERIAL  EXPOSURES. 


a.  The  aerial  negatives  shall  he  numhered  and  titled  as 
presorlhed  In  the  current  Issue  of  AF  Regulations  No.  9^-7  and  In 
addition,  the  aerial  negatives  shall  he  Identified  as  "Shoran  Con¬ 
trolled."  The  negative  number  shall  he  shown  with  figures  3/16  Inch 
high  placed  In  the  comer  of  the  negative  l/8  Inch  from  the  edges  of 
the  Image  area,  and  shall  he  of  sufficient  olarltj  for  eas/  reading 
when  reduced  five  times.  The  remainder  of  the  titling  data  shall 
he  shown  with  letters  and  figures  that  are  as  small  as  possible  and 
placed  adjacent  to  the  edge  of  the  Image  area  so  as  to  obscure  a 
minimum  of  photographic  detail. 

h.  Each  roll  of  film  shall  have  on  the  clear  portion  of 
tlie  film  at  each  end,  adjacent  to  the  end  exposures,  so  that  It  will 
appear  on  a  slightly  oversized  print,  the  following  data:  type  and 
serial  nimher  of  the  camera;  type  and  serial  number  of  the  lens; 
type  and  serial  number  of  the  cone;  type  and  serial  number  of  the 
magazine;  the  project  name;  the  mission  number;  the  roll  number; 
and  Identity  of  all  corresponding  recording  camera  film. 

c.  The  metal  container  for  each  spool  of  film  shall  be 
labeled  by  affixing  a  form  on  which  Is  given  all  data  necessary  to 
Identify  completely  the  film  contained  therein. 

d.  The  photographic  agency  shall  prepare  an  Index  of 
the  photography  by  plotting  the  photo  locations  on  an  overlay 
keyed  to  a  small-scale  map.  The  photographic  Index  shall  Identify 
and  tabulate  all  recording  camera  film  that  applies  to  the  aerial 
photography  shown  on  the  Index. 

e.  Where  refllghts  have  superseded  rejected  photography, 
the  rejected  photography  shall  be  shown  by  a  dash  line  and  the 
superseding  photography  shall  be  shown  In  the  same  manner  as  other 
acceptable  photography. 

2-13.  PRlItrs.  The  photographic  organization  shall  prepare 
one  set  of  single -weight,  glossy,  contact  prints  for  all  exposures 
made  on  the  project.  The  prints  shall  be  trimmed  to  the  image  edge 
except  that  the  edge  containing  the  recorded  data  shall  be  trimmed 
Just  beyond  these  data.  Special  care  shall  be  exercised  In  expos¬ 
ing  the  prints  so  that  gU  the  recorded  data  are  legible.  The 
prints  may  be  dried  as  the  photographic  organization  desires. 


f  tiriiiir-.  -W-ri^tiiaPintaiw’"--  V-  fita 
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Specif loatlon  Ho.  _ 

28  Septeml)er  19^9 

SPECmCATIOHS 

FOR 

SHQRAH-COHTROLLED  AERIAL  FHOTOGRAPHY 

SECTION  III  -  TECHNICAL  PROVISIONS 
SHORAN 

3-01.  IHSTALLATIOH.  The  error  caused  by  the  airborne  antennas- 
camera  location  relationship  shall  be  less  than  3  feet. 

3-02.  DISTANCE  COUNTER  READINGS.  Manual  readings  of  the  dist¬ 
ance  counters  shall  be  made  at  the  Instant  of  exposure  of  an  aerial 
negative  near  the  beginning  and  end  of  each  mission  and  these  values 
shall  be  recorded  and  related  to  the  aerial  exposures  to  which  they 
apply. 

3-O3.  PIP  ALIHEMENTS.  The  deviations  from  the  tnie  pip  aline - 
ments  during  Shoran  operations  shall  be  held  to  an  absolute  minimum. 

3-0l^.  VELOCITY  CORRECTIONS.  Velocity  corrections  shall  bo 
computed  from  metoorologicad  conditions  at  the  time  of  operations 
and  furnished  in  the  form  of  tables  or  curves.  Accuracy  of  the 
velocity  correction  shall  be  such  that  the  Shoran  distances  may  be 
computed  with  an  accuxacy  of  at  least  1  part  in  100,000.  Each 
velocity  correction  shall  be  identified  with  the  group  of  aerial 
photographs  to  which  it  applies. 

3-05.  GROUND  STATION  DELAY  CALIBRATION  DATA.  Complete 
ground  station  delay  calibration  data  shall  be  recorded  and  tabulated 
in  terms  of  round-trip  distance  time  required  for  the  Shoran  pulse 
to  travel  through  the  circuits  of  each  ground  station. 

3-06.  AIRBORNE  ZERO  READINGS.  Airborne  zero  readings  shall 
be  recorded  at  the  beginning  and  end  of  each  mission  and  whenever 
Shoran  operators  are  changed. 

3-O7.  AIRBORNE  TIMING  FBBXglENCY.  The  airborne  timing  fre¬ 
quency  shall  be  determined  with  an  accuracy  of  at  least  1  part  in 
100,000. 

3-08.  TIMING  NON-LINEARITY  CORRECTIONS.  Timing  non-linearity 
corrections  shall  be  furnished  in  the  fozm  of  tables  or  curves. 

3-09.  SHORAN  CaOUND  ANTENNA  STATIONS.  The  geodetic  control 
stations  and  alternate  stations  are  as  given  on  page  la,  SPECIFIC 
PROJECT  DATA.  The  Shoran  ground  antenna  stations  shall  be  located 
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at  the  geodetic  control  stations  except  as  noted  helov.  The  ground 
antenna  stations  may  he  moved  from  the  location  of  the  geodetic  con¬ 
trol  stations  to  satisfy  the  radio  reception  requirements;  such 
movement  shall  he  held  to  the  minimum  consistent  with  requirements. 
The  horizontal  position  of  the  ground  antenna  stations  shall  he 
determined  to  an  accuracy  of  1  foot  as  referred  to  the  nearest  geo¬ 
detic  control  station.  The  elevation  of  the  entenna  stations  shall 
he  determined  to  within  2  feet  as  referred  to  the  nearest  bench  mark. 
Height  of  the  antenna  dipoles  above  the  antenna  stations  shall  he 
determined  to  within  2  feet. 

3-10.  SHORAN  OPERATIONAL  LOG.  A  complete  operational  log 
shall  he  kept  of  all  occurrences  that  mi^t  have  a  hearing  on  the 
accviracy  of  the  operations. 

3-11.  RECORDINQ  CAMERAS. 


a.  Synchronization.  Synchronization  of  the  recording 
cameras  with  the  aerial  camera  shall  he  such  that  the  aircraft  shall 
not  have  moved  more  than  3  feet  between  r^ated  exposures.  The 
number  appearing  on  the  exposure  counter  o^  the  aerial  camera  and 
on  the  exposure  counters  of  the  recording  d^eras  shall  he  identical 
In  all  cases,  or  data  shall  he  recorded  equating  the  exposure  numbers. 

h.  Shoran  Distance  Cotmter  Recorder.  The  Shoran  dist¬ 
ance  counter  recording  camera  shall  eLLso  record  Greenwich  Standard 
Time,  free  air  temperature,  a  compass  showingkthe  heading  of  the  air¬ 
craft,  and  exposiire  counter,  an  altimeter,  ana  a  data 
card.  The  data  card  shall  correlate  the  ShoAn  distance  dials  with 
Shoran  groiznd  stations,  identify  the  photogreJphic  mission  to  which 
it  applies,  and  show  the  date. 

c.  Altimeter  Recorder.  The  barometric  altimeter  in  the 
eLLtimeter  recorder  shall  he  an  Air  Force  type  D-8  or  equivalent. 

The  altimeter  recorder  shall  record  an  exposure  counter  and  may  re¬ 
cord  the  time. 


d.  Oscilloscope  Recorder.  The  oscilloscope  recorder 
shall  he  used  on  the  project.  The  oscilloscope  recorder  shall  re¬ 
cord  -an  exposure  counter  and  may  record  the  time. 

e.  Clocks .  Data  necessary  for  the  synchronization  of 
all  clocks  ^photographed  shall  he  recorded.  Preferably,  this  shoiild 
he  done  by.  Getting  eLLl  clocks  to  within  1  second  before  the  take-off 
and  the  simultaneous  recording  of  the  time  shown  by  all  clocks  im¬ 
mediately  before  and  after  photographic  operations.  These  data  shall 
identify  the  devices  to  which  each  of  the  clocks  apply. 


'.pi.; 
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3-12.  PROCESSmG  RBCQRDIliG  CAMERA  FILM.  All  recording  oaoera 
film  shall  he  exposed  pTOoessed  In  such  a  manjier  as  to  assure 
complete  leglhlllty  of  all  data. 

3 -13.  RECORDING  CAMERA  FIIJ4  ROU^.  All  recording  camera  rolls 
of  film  should  he  out  and  spliced  so  as  to  waiisB  the  recording  camera 
film  rolls  correspond  exactly  to  the  aerial  camera  film  rolls.  All 
splices  are  to  he  of  a  permanent  nature. 

3-14.  IHDEXIHQ. 


a.  The  roll  numbers  assigned  to  all  recording  camera 
film  rolls  shall  he  Identical  to  the  aerial  film  roll  to  which  It 
applies.  An  Identifying  suffix  shall  he  added  to  Identify  the 
recorder  data  such  as:  2Df  4A,  and  7S,  roll  2,  distance  recorder 
film;  roll  4,  altimeter  recorder  film;  and  roll  T,  osclUosoope 
recorder  fllnu 

h.  All  recording  camera  films  shall  he  keyed  to  the 
aerial  film  hy  having  the  project  name^  mission  number^  aerial  film 
roll  number,  and  aerial  film  exposure  numbers  to  which  It  applies 
lettered  onto  the  clear  portion  of  film  at  each  end  adjacent  to 
the  end  exposure.  The  exact  positions  and  elevations  of  the  con¬ 
trolling  ground  antenna  stations  also  shall  he  lettered  onto  this 
clear  portion  of  the  distance  recording  film.  The  recording 
camera  film  shall  ho  spooled  with  the  aerial  film  to  which  It 
applies . 


SPECIFICATIONS 

FOR 

SHORAN  CONTROLLED  PHOTOGRAPHY 


TABUEB 


Table  Title 

I  Velocity  Correct loa,  Talues  of  V]^ 

II  Velocity  Correctlosi,  Values  of 

in  Velocity  Correction,  Valiies  of  V^ 

Correction  for  Assumption  Ho .  1 


IV 


Table  I.  Yelocltj  Correction,  Values  of  7^^ 
Listed  for  Ivein  100-foot  Increments  of  E  f  K 
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000 

100 

200 

300 

400 

500 

600 

700 

800 

900 

6,000 

-.1867 

-.1807 

-.1747 

-.1687 

-.1628 

-.1568 

-.1509 

-.1449 

-.1390 

-.1331 

6,000 

-.1272 

-.1213 

-.1154 

-.1096 

-.1037 

-.0979 

-.0920 

-.0862 

-.0804 

-.0746 

7,000 

-.0688 

-.0631 

-.0673 

-.0616 

-.0458 

-.0401 

-.0344 

-.0287 

-.0230 

-.0173 

6,000 

-.0117 

-.0060 

-.0004 

1.0C5S 

KC109 

4.0165 

^.0221 

4.0277 

V.03S2 

4.0388 

9,000 

.0444 

.0499 

.0554 

.0609 

.0666 

.0719 

.0774 

.0829 

.0884 

.0938 

10,000 

.0993 

.1047 

.1101 

.1155 

.1209 

.1263 

.1317 

.1370 

.1424 

.1477 

11,000 

.1530 

.1584 

.1637 

.1609 

.1742 

.1796 

.1848 

.1900 

.1953 

.2003 

12,000 

.2057 

.2109 

.2161 

.2213 

.2265 

.2317 

.2368 

.2420 

.2471 

.2622 

13,000 

.2573 

.2624 

.2675 

.2726 

.2777 

.2827 

.2878 

.2928 

.2979 

.3029 

14,000 

.3079 

.3129 

.3179 

.3228 

.3278 

.3328 

.3377 

.3426 

.3476 

.3525 

15,000 

.3574 

.3623 

.3672 

.3720 

.3769 

.3817 

.5866 

.3914 

.3962 

.4010 

16,000 

.4058 

.4106 

.4154 

.4202 

.4249 

.4297 

.4344 

.4392 

.4439 

.4486 

17,000 

.4533 

.4580 

.4627 

.4673 

.4720 

.4767 

.4813 

.4859 

.4905 

.4952 

18,000 

.4998 

.5044 

.5089 

.5136 

.5181 

.5226 

.5272 

.5317 

.5362 

.5407 

19,000 

.5452 

.5497 

.5642 

.5687 

.5632 

.5676 

.6721 

.5765 

.5809 

.5854 

20,000 

.5898 

.5942 

.5986 

.6029 

.6073 

.6117 

.6160 

.6204 

.6247 

.6290 

21,000 

.6333 

.6377 

.6420 

.6462 

.6505 

.6548 

.6590 

.6633 

.6875 

.6718 

22,000 

.6760 

.6802 

.6844 

.6886 

.6928 

.6970 

.7012 

.7055 

.7095 

.7136 

23,000 

.7177 

.7219 

.7260 

.7301 

.7342 

.7383 

.7424 

.7464 

.7505 

.7545 

24,000 

.7586 

.7626 

.7667 

.7707 

.7747 

.7787 

.7827 

.7867 

.7906 

.7946 

25,000 

.7986 

.8026 

.8065 

.8104 

.8143 

.8182 

.8221 

.8260 

.8299 

.8338 

26,000 

.8377 

.8416 

.8454 

.8493 

.8531 

.8669 

.8607 

.8646 

.8684 

.8722 

27,000 

.8760 

.8797 

.6835 

.8873 

.8910 

.8948 

.8985 

.9023 

.9060 

.9097 

28,000 

.9134 

.9171 

.9208 

.9245 

.9282 

.9318 

.9355 

.9391 

.9428 

.9464 

29,000 

.9501 

.9537 

.9673 

.9609 

.9645 

.9681 

.9717 

.9752 

.9788 

.9824 

30,000 

.9859 

.9895 

.9930 

.9965 

1.0000 

1.0036 

1.0070 

1.0105 

1.0140 

1.0175 

31,000 

I.O’IC 

1.0245 

1.0279 

1.0314 

1.0348 

1.0302 

1.0417 

1.0451 

1.0485 

1.0619 

32,000 

1.0563 

1.0687 

1.0621 

1.0655 

1.0688 

1.0722 

1.0756 

1.0789 

1.0822 

1.0856 

33,000 

1.0889 

1.0922 

1.0955 

1.0988 

1.1021 

1.1054 

1.1087 

1.1120 

1.1153 

1.118S 

34,000 

1.1218 

1.1250 

1.1283 

1.1315 

1.154  •: 

1.1579 

1.1411 

1.1444 

1.1478 

1.1507 

35,000 

1.1539 

1.1571 

1.1603 

1.1634 

1.1666 

1.1698 

1.1729 

1.1760 

1.1792 

1.1823 

36,000 

1.1854 

1.1885 

1.1916 

1.1947 

1.1978 

1.2009 

1.2040 

1.2070 

1.2101 

1.2132 

37,000 

1.2162 

1.2192 

1.2223 

1.2263 

1.2283 

1.2314 

1.2344 

1.2374 

1.2404 

1.2434 

38,000 

1.2464 

1.2493 

1.2623 

1.2553 

1.2682 

1.2612 

1.2641 

1.2671 

1.2700 

1.2729 

39,000 

1.2750 

1.2788 

1.2817 

1.2846 

1.2875 

1.2904 

1.2933 

1.2962 

1.2990 

1.301S 

40,000 

1.3048 

1.3076 

1.3105 

1.3133 

1.3161 

1.3190 

1.3218 

1.3246 

1.3274 

1.3302 

Note:  Enter  the  coliimn  at  left  vlth  E  *  E  to  the  nearest 
1000  feet  and  move  to  the  rl^t  for  values  to  the 
nearest  100  feet.  Interpolate  between  the  100-foot 
values  for  more  accurate  results. 
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Table  II.  Yeloolty  Correotlon,  Taluea  ->f  I2 


H-JtVJH) 

Y»l»  \ 

XX 

IXX 

ISOX 

2XX 

260X 

soox 

S50X 

400X 

1,000 

.0X2 

.0002 

.X02 

.0X2 

.0X1 

.0X1 

.0X1 

.0X1 

2,0X 

.0X8 

.0X7 

,X07 

.OOX 

.0X6 

.0X5 

.0X5 

.OOX 

3,000 

.X13 

.0017 

.0015 

.X14 

.X13 

.0012 

.XIO 

.0X9 

4,X0 

.0032 

.OOX 

.0027 

.0025 

.X23 

.X21 

.0018 

.Xie 

6,000 

.OOX 

.0046 

.0043 

.0059 

.0X6 

.0032 

.0029 

.0026 

6,000 

,0072 

,X67 

.0062 

.0057 

.X51 

.0046 

.0X1 

.xse 

7,000 

.0098 

.0091 

.0084 

.0077 

.0070 

.0X3 

.0056 

.X4i 

8,000 

.0128 

.0119 

.0110 

.0101 

.X91 

.X82 

.X7S 

.X64 

9,0X 

.0162 

.OIX 

.0139 

.0127 

.0116 

.0104 

.X93 

.0X1 

10,000 

.C2X 

.0166 

.0171 

.0157 

.0145 

.0129 

.0114 

.OIX 

11,000 

.0225 

.0207 

.OIX 

.0173 

.0156 

.0138 

.0121 

12, OX 

.0267 

.0247 

.0226 

.0X6 

.0185 

.0165 

.0144 

13,000 

.0314 

.02X 

.0266 

.0242 

.0217 

.0193 

.0169 

14,0X 

.0364 

.0336 

.0X8 

.02X 

.0252 

.0224 

.0196 

15,0X 

.0418 

.0386 

.0354 

.0322 

.02X 

.0257 

.0226 

16.X0 

.0439 

.0402 

.0366 

.X29 

.0293 

.0256 

17,X0 

.0495 

.0454 

.0413 

.0372 

.0331 

.02X 

18,XC 

.0555 

.0X9 

.0463 

.0417 

.0371 

.0326 

1S,0X 

.0619 

,0567 

.0516 

.0465 

.0413 

.0362 

20,0X 

.0686 

,0629 

.0572 

.0515 

.0458 

,0401 

21, OX 

,0693 

,06X 

.05X 

.0X5 

.0442 

22, OX 

,0761 

.0692 

.0623 

.0554 

.0486 

23,OX 

.0832 

,0766 

,0681 

.0X6 

.05X 

24, OX 

.0X5 

.0823 

.0741 

.0659 

.0577 

26,000 

.0X2 

.0893 

.0804 

.0715 

.X26 

26,0X 

.0966 

,0870 

.0774 

,0677 

’7,  OX 

.1042 

.09X 

.X34 

.07X 

23,0X 

.1121 

.1009 

.0897 

.0785 

29,X0 

.1202 

.1082 

.0962 

.0843 

X,0X 

.1286 

.1158 

.ICX 

.0X2 

31,0X 

,1237 

.IIX 

.X63 

32,0X 

.1318 

.1172 

.1026 

33,0X 

.1401 

.1246 

.1091 

34,0X 

.1488 

.1523 

.1158 

35,0X 

,1576 

.1X2 

.1227 

Teiblo  HI 


Telocity  Correotlaci,  Taluee  of 


5000 

10000 

IfiCOO 

20000 

25X0 

300X 

360X 

4XX 

40 

.0001 

.0001 

.0001 

.0001 

.0001 

.OOX 

.OOX 

.OOX 

50 

.0001 

.0001 

.0001 

.0001 

.CXI 

,0X1 

.XOl 

.0X1 

60 

.0002 

.0002 

.0002 

.0X2 

.0X2 

•OX’ 

.0X1 

.0X1 

70 

.0004 

.0004 

.0003 

.0003 

.0X3 

,0X2 

.0X2 

.0X2 

80 

.0006 

.0005 

.0005 

.0X4 

,0X4 

.X03 

.0X3 

.X03 

90 

.0008 

.0008 

.0007 

.0X6 

,00X 

.0X5 

.0004 

.XX 

100 

.0012 

.0010 

.0009 

.0X8 

.0X8 

.0X7 

,X06 

.OOX 

110 

.0016 

.0014 

.0013 

.Xll 

.XIO 

.0009 

.0X8 

.0X7 

120 

.0020 

.0018 

.0016 

.0015 

.0013 

.0012 

.Xll 

.XIQ 

130 

.0026 

.0023 

.0021 

.0019 

.0017 

.0015 

.0014 

.0012 

140 

.0032 

.0029 

.0026 

.0024 

.0021 

.0019 

.X17 

.0016 

150 

.0040 

.0036 

.0033 

.0029 

.0026 

.X24 

.X21 

.X19 

160 

.0049 

.0044 

.0040 

.0036 

.X33 

.X29 

.0026 

.X24 

170 

.3059 

.0054 

.0048 

.0044 

.0039 

.0035 

.X32 

.0028 

180 

.X71 

.0064 

.0068 

.0052 

.0047 

.0042 

.X38 

.X34 

190 

.0084 

.0076 

.0069 

.0X2 

.0056 

.0060 

,X45 

.0040 

200 

.0099 

.0090 

.0081 

.0073 

.0X6 

.0059 

.0053 

.0X8 

210 

.0105 

.0095 

.0X6 

.X77 

.0069 

.X62 

,X66 

220 

.0122 

.0110 

.X99 

.0089 

.0X0 

,0072 

,X66 

230 

.0141 

.0127 

.0115 

.0103 

.0093 

.0083 

.0075 

240 

.0162 

.0146 

.0132 

.0119 

.0107 

,X96 

.0036 

250 

.0185 

.0167 

.0151 

.0136 

.0122 

.0110 

.X98 

260 

.0190 

.017? 

.0155 

,0139 

.0125 

.0112 

270 

.0216 

.0195 

.0176 

,0158 

.0142 

.0128 

200 

.0244 

.0221 

.0199 

.0179 

.0161 

.0144 

290 

.0275 

.0249 

,0224 

.0202 

.0181 

.0163 

300 

.0-309 

.0279 

.0252 

,0227 

,0204 

.0183 

310 

.0313 

,0282 

,0254- 

,0229 

.0205 

320 

.0349 

.0315 

.0284 

,0256 

.0230 

330 

.0389 

,0352 

,0317 

.0286 

.0256 

34D 

,0433 

.0391 

.0353 

.0317 

,0285 

350 

.0430 

,0434 

.0392 

,0363 

.0317 

360 

.0481 

.0434 

.0391 

.0352 

370 

.0532 

.0480 

.0435 

.0389 

380- 

- 

,0587 

.0630 

,0478 

-.0430 

390 

.0647 

.0585 

.0528 

,0475 

400 

,0712 

.0644 

.0581 

.0524 

Table  17.  Correction  for  Aaeuaption  Ho.  1 


S  lal) 

(ft) 

H+K  (ft) 

(ft) 

3tK  (ft) 

160 

170 

180 

190 

200 

210 

220 

230 

240 

250 

260 

’70 

280 

290 

300 

310 

320 

330 

340 

350 

360 

370 

380 

390 

400 

32.946 

27,435 

24,797 

23.409 

22.696 
22,398 
22,380 
22,563 
22,897 
23,353 
23,907 
24,546 
25,257 
26,034 
26,860 
27,759 

28.696 
29,686 
30,719 
31,796 
32,913 
34,072 
36,271 
36,608 
37.783 

46,803 

37,971 

33,913 

31,762 

30,596 

30,021 

29,836 

22,926 

30,221 

30,677 

31,263 

31,967 

32,743 

33,610 

34,549 

35,663 

36,617 

37,737 

38.908 

42,874 

33,933 

36,808 

35,657 

35,104 

34,951 

36,083 

35,452 

35,949 

36,804 

37,37* 

38,242 

39,195 

40.224 

40,929 

39,789 

39,254 

39,128 

59,296 

59,687 

40,264 

40,963 

41,792 

nilee 

xlO-3 

.6 

1.5 

2.5 

3.6 

0  1.0  2.0  3.0  4.0 

Hote:  Enter  the  table  for  the  yalue  of  S  and 
obeerve  betveen  ^loh  colvDsns  the  value 
of  E  »  E  lies.  The  correction  can  then 
be  found  by  gclng  dcsfim  the  line  between 
the  colxsnns  to  the  value  given  on  the 
bottom  line. 


